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SECTION  I 


INTRODUCTION 


Vermilion  Harbor  is  located  on  the  south  shore  of  Lake  Erie,  at  the  mouth  of 
the  Vermilion  River,  approximately  37  miles  west  of  Cleveland,  OH  (See 
Figure  1.1).  It  is  presently  a  small-craft  harbor  originally  constructed  in 
1836  by  the  Federal  Government  for  commercial  purposes,  under  the  authority 
of  the  Rivers  and  Harbors  Act  of  1836.  The  navigation  channels  were  later 
improved  by  the  Rivers  and  Harbors  Act  of  1875,  and  modified  in  1878  to 
include  two  parallel  piers  at  the  river  mouth.  The  latest  Federal  improve¬ 
ments  to  the  harbor  were  completed  in  December  1973,  and  consisted  of 
widening  and  deepening,  and  construction  of  a  cellular  steel  sheet  pile 
detached  breakwater  located  approximately  300  feet  offshore  from  the  end  of 
the  parallel  piers.  During  and  subsequent  to  this  latest  construction,  there 
have  been  repeated  complaints  from  local  residents  and  other  interested 
groups,  that  the  detached  breakwater  has  caused  adverse  impacts  to  the  adja¬ 
cent  shoreline  and  the  community  as  a  whole.  Mr.  William  B.  Nye,  former 
Director  of  the  Ohio  Department  of  Natural  Resources,  officially  requested  in 
1975  that  the  Corps  investigate  the  severity  of  the  erosion  problem  allegedly 
created  by  the  breakwater. 

As  a  result  of  these  expressed  concerns,  the  Corps  of  Engineers  initiated  in 
1975  an  investigation  of  the  need  for  mitigation  of  shoreline  damages, 
attributable  to  the  navigation  works  at  Vermilion  Harbor,  OH,  under  the 
authority  of  Section  111  of  the  Rivers  and  Harbors  Act  of  1968  (PL  90-483). 

In  January  1976,  the  Buffalo  District  completed  a  Section  111  Reconnaissance 
Report  recommending  that  no  action  be  taken  to  prevent  or  mitigate  shore 
damages,  and  a  5-year  monitoring  program  be  undertaken  prior  to  initiation  of 
further  detailed  studies.  Subsequent  to  completion  of  the  Preliminary 
Report,  further  evaluation  of  that  program  led  to  the  conclusion  that  it 
would  only  Identify  short-term  shoreline  changes;  and  because  of  very  little 
baseline  data  (pre-breakwater  construction  data)  any  conclusions  drawn  from 
observations  would  not  be  highly  reliable.  The  5-year  monitoring  program  was 
therefore  terminated. 

During  Stage  2  investigations,  it  was  concluded  that  the  Federally 
constructed  breakwater  at  Vermilion  Harbor  had  caused  a  reorientation  of  the 
shoreline  east  of  the  harbor.  As  a  result,  several  alternative  plans  were 
developed,  studied,  and  evaluated  with  a  view  to  mitigating  the  shore 
damages.  Several  workshops,  public  meetings,  and  telephone  and  written  com¬ 
munications  were  accomplished  to  discuss  both  the  issues  concerning  the 
impacts  of  the  breakwater  on  the  shoreline  processes,  and  the  alternative 
solutions  which  were  being  considered.  The  Stage  2  report  recommended 
carrying  forth  into  Stage  3,  the  most  economically  feasible  plans  which  would 
satisfy  both  Federal  and  local  Interests.  In  reviewing  this  Stage  2  report, 
the  North  Central  Division  identified  the  need  to  study  mitigation  of  shore¬ 
line  damages  to  the  west  of  the  harbor  structures.  In  1979,  a  mitigation 
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study  was  performed  to  determine  the  extent  of  shoreline  damage  to  the  west 
of  the  harbor  attributable  to  the  breakwater. 

This  final  report  documents  the  Stage  3  investigations  of  the  shoreline  proc¬ 
esses  to  the  west  and  east  of  harbor  structures.  It  outlines  the  alternative 
plans  developed,  and  presents  the  conclusions  and  recommendations  reached  as 
to  mitigating  alleged  shore  damages  attributed  to  the  Federal  Navigation 
werks  at  Vermilion. 

Study  Authority 

This  report  was  prepared  under  the  authority  of  Section  111  of  the  Rivers  and 
Harbors  Act  o'  1968,  PL  90-483,  approved  13  August  1968,  which  states: 

"The  Secretary  of  the  Army,  acting  through  the  Chief  of  Engineers 
is  authorized  to  investigate,  study,  and  construct  projects  for  the 
prevention  or  mitigation  of  shore  damages  attributable  to  Federal 
navigation  works.  The  cost  of  installing,  operation  and 
maintenance  shall  be  borne  entirely  by  the  United  States.  No  such 
projects  shall  be  constructed  without  specific  authorization  by 
Congress  if  the  estimated  first  cost  exceeds  $1,000,000." 

Study  Purpose 

The  purpose  of  this  investigation  is  to  determine  whether  the  Federal 
navigation  improvements  at  Vermilion  Harbor  have  caused,  or  substantially 
increased  the  erosion  of  the  shore  or  beaches  east  and  west  of  the  harbor, 
and  if  so,  determine  what  measures  are  justified  to  mitigate  the  damages. 

Study  of  Other  Possible  Breakwater  Impacts 


As  noted  previously,  soon  after  construction  of  the  detached  breakwater  in 
1973,  the  Buffalo  District  began  receiving  complaints  that  the  breakwater  was 
causing  a  number  of  adverse  impacts  in  the  community.  In  addition  to  the 
shoreline  erosion  problem  addressed  in  this  Section  111  report,  the  other 
potential  impacts  of  concern  to  local  interests  are  the  effect  of  the  break¬ 
water  on  municipal  water  supply;  swimming  areas  and  beaches;  ice-jam 
flooding;  free-flow  flooding;  sedimentation;  navigation;  and  aesthetics.  The 
results  of  the  study  of  these  potential  impacts  are  presented  in  a  companion 
report  titled  Vermilion  Harbor,  Ohio,  Study  of  the  Impact  of  the  Offshore 
Breakwater  on:  Municipal  Water  Supply;  Swimming  Areas  and  Beaches;  Ice  Jam 
Flooding;  Free-Flow  Flooding;  Sedimentation;  Navigation;  and  Aesthetics, 
dated  November  1981. 

The  Study  Process 

The  Vermilion  Section  111  study  is  a  three-stage  study  carried  out  under 
Section  111  of  the  continuing  authority  program  (Project  not  Specifically 
Authorized  by  Congress)  which  authorizes  the  investigation,  study  and 
construction  of  projects  to  mitigate  shore  damages  attributable  to  Federal 
navigation  works.  The  first  stage  of  this  study  scoped  general  investigation 
activities  and  the  direction  of  the  study.  It  produced,  in  January  1976  a 
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"Reconnaissance  Report"  which  recommended  that  no  action  be  taken  under 
Section  111  to  prevent  or  mitigate  shore  damages  in  the  vicinity  of  the 
Vermilion  Harbor.  It  also  recommended  that  a  monitoring  program  be 
accomplished  over  a  5-year  period  (1976-1980),  to  be  followed  by  a  supplemen¬ 
tal  Section  111  study  based  on  the  results  of  that  monitoring  program. 
However,  late  in  1976,  the  District  reevaluated  its  position  regarding  the 
5-year  monitoring  program,  which  because  of  the  limited  baseline  data 
available  would  only  identify  short-term  shoreline  changes  and  lead  to  unre¬ 
liable  conclusions.  By  letter  dated  12  November  1976  to  North  Central 
Division  (Appendix  D),  the  District  requested  and  received  approval  to 
proceed  with  the  Detailed  Project  Report.  The  second  stage  of  this  study, 
performed  by  Stanley  Consultants  in  May  1978,  was  to  determine  the  extent  of 
shore  damages,  if  any,  due  to  the  Federal  Navigation  works  at  Vermilion 
Harbor.  (It  should  be  noted  that  the  study  dealt  primarily  with  evaluating 
the  effect  of  the  detached  breakwater  on  the  shoreline  to  the  east  of  the 
harbor.)  As  a  result,  a  range  of  alternative  solutions  to  the  erosion  and 
environmental,  health,  flooding,  and  recreational  problems  were  identified 
and  analyzed.  The  District  prepared  preliminary  designs,  cost  estimates,  and 
benefit  calculations  for  the  alternatives  considered  to  restore  the  easterly 
beaches  to  their  estimated  prebreakwater  condition.  From  this  Stage  2  analy¬ 
sis  presented  in  the  Syllabus  to  Stanley  Consultants'  May  1978  Section  111 
report,  the  District  concluded  that  mitigation  of  the  loss  of  beach  at 
Linwood  should  be  undertaken.  The  investigations  concerning  the 
environmental,  health,  flooding,  and  recreational  problems  were  presented  in 
a  separate  report  dated  April  1978  and  titled  "Vermilion  Harbor,  OH,  Study  of 
the  Offshore  Breakwater  on:  Municipal  Water  Supply,  Swimming  Areas  and 
Beaches,  Ice-Jam  Flooding,  Sedimentation,  Navigation,  and  Aesthetics." 

In  reviewing  the  District's  Stage  2  Section  111  report  in  mid-1978,  the  North 
Central  Division  noted  the  need  to  study  mitigation  of  shoreline  damages  to 
the  west  of  the  harbor  structures.  In  the  summer  of  1979,  the  District 
contracted  with  Tetra  Tech,  Inc.  to  perform  that  study.  The  objectives  of 
that  study  were  to  determine  the  amount  of  shoreline  damages  to  the  west  of 
the  harbor  attributable  to  the  navigation  structures,  prepare  preliminary 
designs  and  cost  estimates  for  a  range  of  alternative  plans  to  mitigate  any 
damages,  and  recommend  the  appropriate  plan  of  action  if  such  plan  is  econo¬ 
mically  justified.  Tetra  Tech's  July  1980  report  on  that  study  is  included 
as  Appendix  B  to  this  Stage  3  Draft  DPR.  Tetra  Tech  made  an  analysis  of 
historical  data  in  the  form  of  available  maps,  field  surveys,  and  aerial  pho¬ 
tographs  to  determine  the  effect  of  the  harbor  structures  on  the  shoreline  to 
the  west.  As  a  result  of  the  analysis,  it  was  found  that  8,100  feet  of 
shoreline  to  the  west  are  influenced  by  the  harbor  structures.  To  evaluate 
the  shoreline  damages,  Tetra  Tech  considered  shoreline  positions  for  three 
conditions  of  harbor  development: 

Condition  1  -  No  Federal  Harbor  structures 

Condition  2  -  Federal  Project  with  Harbor  Piers  only 

Condition  3  -  Existing  Federal  Project  (Piers  and  Breakwaters) 

Preliminary  designs  and  cost  estimates  were  prepared  for  four  alternative 
plans  to  mitigate  shoreline  damages  to  the  west  of  the  harbor. 
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The  Tetra  Tech's  final  report  published  in  July  1980,  recommended  that  no 
action  be  taken  to  mitigate  shore  erosion  to  the  west  that  has  been  induced 
by  the  Federal  harbor  structures  at  Vermilion.  It  emphasized  that,  due  to 
early  shore  protection  measures  constructed  by  private  land  owners  in 
Vermilion,  much  of  the  shoreline  along  the  study  reach  is  relatively  well- 
fortified  and,  therefore,  resistant  to  erosion-induced  damage. 

The  District  concurred  in  Tetra  Tech's  recommendation.  Its  (the  District) 
evaluation  of  the  Tetra  Tech's  report  concludes  that  the  methodologies  used, 
and  the  conclusions  reached  regarding  shoreline  erosion  rates  and  shoreline 
damages  to  the  west  for  both  the  pre-  and  post-harbor  project  conditions  are 
reasonable.  Therefore,  no  mitigation  of  shoreline  damages  to  the  west  of  the 
harbor  should  be  undertaken. 

As  part  of  the  Stage  3  studies,  the  District  performed  in  May  1979  a  Sand 
Pumping  Demonstration  Program  to  determine  the  practicability  of  pumping  sand 
from  the  East  fillet  to  Linwood  Beach,  using  a  small  floating  hydraulic 
dredge.  The  program  was  considered  unsuccessful  for  a  number  of  reasons  such 
as  insufficient  pump  capacity  for  the  size  of  sand  (significant  amount  of 
gravel)  being  pumped  to  Linwood  Beach,  the  long  pumping  distance  involved, 
and  so  on.  Subsequent  to  the  Sand  Pumping  Demonstration  Program,  further 
observations  of  the  easterly  beaches  and  qualitative  interpretations  of  the 
coastal  processes  in  the  area  do  not  uphold  the  Stage  2  conclusion  that  miti¬ 
gation  of  shoreline  damage  to  the  east  of  the  harbor  is  warranted. 

Therefore,  in  September  1980,  a  Stage  3  investigation  was  undertaken  to  iden¬ 
tify  present  as  well  as  historical  changes  in  the  shoreline  e^st  of  Vermilion 
Harbor. 

This  third  and  final  stage  of  the  investigation  was  performed  by  Tetra  Tech. 
It  develops,  refines,  and  updates  studies  to  the  extent  necessary  to  recon¬ 
sider  the  need  for  mitigation  at  the  Lagoons,  Linwood,  and  Nakomis  Beach 
reaches  east  of  the  harbor.  The  Buffalo  District  has  scoped  this  study  to 
identify  the  pros  and  cons  and  public  preferences  regarding  conclusions  and 
recommendations  affecting  the  Vermilion  Beach  complex,  and  to  determine 
whether  or  not  these  recommendations  can  be  implemented. 

This  Stage  3  Final  Detailed  Project  Report  includes  a  main  report  and  four 
appendices.  The  main  report  is  written  to  give  both  the  general  and  tech¬ 
nical  reader  and  the  reviewing  echelon  a  clear  understanding  of  the  study, 
the  study  results,  and  the  basis  for  key  decisions,  conclusions  and 
recommendations.  It  documents  the  logic  of  the  planning  process  and  its 
conclusions  in  accordance  with  the  requirements  of  the  Engineering  Regulation 
ER-1 105-2-200  series.  The  length  and  level  of  detail  is  considered  suf¬ 
ficient  to  fully  support  the  essential  analyses  and  conclusions  and  recommen¬ 
dations  of  the  study.  Its  organization  and  content  follows  the  Corps  of 
Engineers  guidelines  for  feasibility  reports  as  defined  by  ER  1105-2-920. 

The  appendices  provide  detailed  technical  evaluation  of  s'  oreline  changes 
east  and  west  of  the  harbor  through  analysis  of  the  shores  and  beaches 
characteristics,  littoral  sediments,  and  the  physical  forces  involved  such  as 
waves,  winds,  currents,  lake  water  levels.  .  .  They  also  provide  detailed 
economic  evaluation  of  the  alternative  mitigation  plans  developed,  and  a 
basis  for  the  District's  conclusions  on  the  investigation,  and  recommen¬ 
dations  regarding  raitigative  action(s)  to  be  taken. 
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Study  Participants  and  Coordination 

The  Buffalo  District  has  conducted  this  study  as  a  result  of  a  request  by 
Mr.  William  B.  Nye,  former  Director  of  the  State  of  Ohio  Department  of 
Natural  Resources.  In  October  1975,  the  District  Engineer  met  with 
Mr.  George  W.  Grossman,  a  resident  of  the  Llnwood  Park  Community,  In  order 
to  explain  the  Buffalo  District's  Section  111  study  of  the  shoreline  changes 
that  have  been  attributed  to  the  Federal  navigation  project.  Other  meetings 
whose  purpose  was  to  coordinate  activities  were  also  held  at  various  times. 

In  answer  to  public  concerns  regarding  the  effects  of  the  detached  breakwater 
at  Vermilion  Harbor,  the  District,  on  30  August  1977,  held  a  public  meeting 
whose  primary  purposes  were  to  Inform  all  parties  concerned  of  the  Corps 
actions  to  evaluate  the  Impacts  of  the  detached  breakwater,  and  to  receive 
input  from  the  public  as  to  any  changes  that  had  occurred  since  the  break¬ 
water  construction  in  1973.  Another  public  meeting  was  held  on  31  August 
1978  to  discuss  the  results  of  the  initial  phase  of  the  investigation  of  the 
effects  of  the  detached  breakwater  on  Vermilion  Harbor  and  surrounding  areas, 
and  solicit  public  views  on  the  future  course  of  action  to  follow.  A  public 
hearing  was  held  on  10  April  1979  at  the  Vermilion  Town  Hall  to  gather  infor¬ 
mation  and  data  relevant  to  the  disposition  of  approximately  15,000  cubic 
yards  of  sand  at  Llnwood  Beach  after  It  (sand)  has  been  hydraulically  dredged 
and  pumped  from  the  Lagoons  Beach  area.  Comments  received  by  the  District 
Engineer  during  public  review  of  the  draft  reports  published  in  March  1982, 
indicated  that  many  of  the  respondees  particularly  those  of  In  Llnwood  Park, 
misunderstood  the  study  results  with  respect  to  ice-jam  flooding  and  shore 
erosion.  As  a  result,  the  District,  on  23  June  1982,  held  a  public  Infor¬ 
mation  meeting  to  clarify  these  aspects  of  the  study.  (For  detailed  Infor¬ 
mation  on  public  meetings  see  Appendix  D.) 

The  Buffalo  District  has  coordinated  with  several  Federal,  State,  county,  and 
regional  agencies  including: 


Federal 


U.S.  Fish  and  Wildlife  Service 
Conrad  Fjetland,  Supervisor 
3990  East  Broad  Street 
Columbus,  OH  43215 


U.S.  Coast  Guard  (USCG) 
9th  Coast  Guard  District 
Cleveland,  OH 


State 


Ohio  Department  of  Natural  Resources 
Bruce  McPherson,  Coastal  Zone  Management 
Coordinator  (CZM) 

Fountain  Square 
Columbus,  OH  43215 


Regional 


Vermilion  Port  Authority 
Mr.  Richard  Bulan 
c/o  Town  Hall 
Vermilion,  OH  44089 


Mayor,  City  of  Vermilion 
P.0.  Box  317 
Vermilion,  OH  44089 


/ 


* 


6 


Coordination  with  these  agencies  was  to  discuss  related  information  they  had 
on  the  study  area  and  to  Insure  that  they  were  kept  abreast  of  study  develop¬ 
ments  so  that  they  could  evaluate  and  provide  valuable  input  to  the  various 
alternatives  considered. 

The  Buffalo  District  has  maintained  coordination  with  U.S.  Coast  Guard  (USCG) 
to  obtain  their  views  on  problems  with  ice  breaking  operations  at  Vermilion 
and  modifications  to  Vermilion  Harbor  that  were  required  to  permit  reliable 
and  safe  ice  breaking  operations  in  the  harbor.  Coordination  was  also  main¬ 
tained  with  local  officials  Including  the  Mayor,  City  of  Vermilion,  the  City 
Engineer,  and  local  citizens  knowledgeable  in  Ice  breaking  operations  in  the 
river  and  harbor. 

The  District  has  cooperated  with  citizen  interest  groups,  including  the 
Vermilion  Lagoons  Association  and  the  Linwood  Park  Company  which  own  the 
Lagoons  and  Linwood  Beaches,  and  the  Equal  Beach  Restoration  Association 
(EBRA).  EBRA  is  an  organized  group  of  local  citizens,  residing  west  of  the 
Vermilion  Harbor,  interested  in  mitigation  of  shoreline  damages  in  their 
area.  They  have  provided  some  information  on  shoreline  changes  to  the  shore 
to  the  west  of  the  harbor  structures. 

The  Report 

This  main  report  is  divided  into  seven  sections  which  are  identified  by 
appropriate  titles  with  related  subtitles  and  paragraphs  providing  general 
information  pertinent  to  the  study.  These  sections  are  followed  by  four 
appendices  which  provide  detailed  technical,  environmental  and  other 
background  information  on  the  subjects  discussed  in  the  main  report.  A  brief 
description  of  the  main  report  follows: 

Section  I  -  is  an  introductory  section  which  briefly  describes  the  events 
leading  to  this  report.  It  discusses  the  study  authority,  purpose  and 
process;  and  Identifies  the  study  participants. 

Section  II  -  describes  the  general  characteristic  traits  of  the  study  area 
(its  river,  artificial  lagoons,  beaches,  bluffs,  etc.).  It  discusses  its 
natural  environment,  climate,  soils  and  geology,  sediment,  fisheries,  water 
quality,  human  environment  (land,  water  uses,  recreation),  cultural  oppor¬ 
tunities,  economy,  resources,  population  and  other  demographic  information. 

Section  III  -  identifies  problems,  needs,  and  concerns  about  the  Federal  har¬ 
bor  navigation  structure.  It  provides  a  brief  discussion  on  the  disposal  of 
the  harbor  dredge  materials  and  the  ongoing  investigation  on  the  feasibility 
of  neai  shore  dumping.  It  also  defines  the  national  objectives  and  general 
and  specific  planning  objectives. 

Section  IV  -  summarizes  those  studies  pertaining  to  the  Vermilion  Harbor: 

The  shoreline  erosion  mitigation  studies,  and  other  related  erosion  studies 
and  activities. 
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Section  V  -  discusses  the  study  of  shoreline  damages  to  the  west  of  the 
harbor;  provides  a  brief  description  of  the  mitigation  plans  developed,  and  a 
summary  evaluation  for  mitigation  of  those  damages.  It  also  discusses  the 
need  to  mitigate  breakwater-induced  shoreline  damages  to  the  east  of  the 
Vermilion  Harbor.  It  highlights  some  important  conclusions  of  the  Tetra  Tech 
1981  investigation  of  shore  erosion  to  the  east  (beach  area  changes,  shore¬ 
line  changes,  and  bluff  changes).  It  reports  analysis  of  the  conditions  of 
the  study  area  for  the  periods  1948-1973  (prebreakwater  conditions),  and 
1973-1980  (postbreakwater  conditions).  It  also  provides  a  summary  analysis 
and  evaluation  of  the  impacts  of  the  breakwater  on  the  shore  condition. 

Section  VI  -  provides  an  overview  of  the  conclusions  reached  by  Stanley 
Consultants  and  Tetra  Tech  in  their  technical  reports  of  the  shoreline  ero¬ 
sion  investigation  to  the  east  and  west  of  harbor.  It  also  contains  conclu¬ 
sions  reached  by  the  Buffalo  District. 

Section  VII  -  contains  recommendations  on  the  need  for  mitigative  action  as  a 
result  of  this  Stage  3  investigation. 

Section  VIII  -  discusses  future  activities  and  proposed  schedule. 

The  four  appendices  are  as  follows: 

Appendix  A  -  Detailed  Technical  Evaluation  of  Shore  Changes  East  of  the 
Harbor  (Tetra  Tech,  1981  Report). 

Appendix  B  -  Detailed  Technical  Evaluation  of  Shore  Changes  West  of  the 
Harbor  (Tetra  Tech,  1980  Report). 

Appendix  C  -  Other  pertinent  studies  such  as: 

Stanley's  1978  Technical  Report 
Sand  Pumping  Demonstration  Program 
Section  14  Report  (Interceptor  Sewer) 

Operation  and  Maintenance  (Statement  of  Findings) 

Appendix  D  -  Public  Involvement. 
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SECTION  II 


THE  STUDY  AREA 


Existing  Conditions 

Vermilion  Harbor  is  a  Federally  constructed  commercial  harbor  also  used  for 
recreational  and  commercial  fishing  craft.  It  Is  located  in  Erie  County,  OH, 
on  the  south  shore  of  Lake  Erie  at  the  mouth  of  the  Vermilion  River,  about  37 
miles  by  water,  westerly  of  Cleveland,  OH,  and  21  miles  easterly  of  Sandusky, 
OH.  Lorain  and  Huron  Harbors,  11  miles  east  and  west  of  Vermilion 
respectively,  are  the  nearest  Federally  improved  harbors  (see  Plate  2.1). 

Vermilion  Harbor  is  comprised  of  a  channel  of  approach  from  the  lake,  and  the 
lower  3,600  feet  of  Vermilion  River.  The  river  rises  in  the  Savannah  Lakes 
in  the  northern  part  of  Ashland  County,  OH,  and  follows  a  generally  northerly 
course  for  45  miles  to  Lake  Erie  (see  locality  map;  Plate  2.1, .  The  drainage 
area  of  the  watershed  is  about  272  square  miles.  For  about  2  miles  above  the 
mouth,  the  river  is  generally  straight  with  the  exception  of  an  elongated  "S" 
curve  between  the  mouth  and  Liberty  Street  Bridge.  From  its  mouth  to  the 
upstream  limits  of  the  Federal  Project  at  Liberty  Street,  the  river  varies  in 
width  from  80  to  100  feet,  having  depth  in  pools  ranging  up  to  12  feet. 
Immediately  east  of  the  Vermilion  River,  and  south  of  Lake  Erie  lie  a  series 
of  man-made  lagoons.  The  area  was  a  marshland  before  construction  of  these 
lagoons.  From  north  to  south,  they  are  Erie,  Ontario,  Superior,  and  Huron. 
Bordering  these  lagoons  are  about  150  year-round  single-family  residences  of 
Cape  Cod  architecture  which  form  the  Vermilion  Lagoons  Association.  About 
149  single-family  cottages  form  the  Ltnwood  Park  Company  located  immediately 
east  of  the  lagoons  area.  Lagoons  and  Llnwood  Beaches  are  owned  by  the 
Vermilion  Lagoons  Association  and  the  Llnwood  Park  Company,  respectively. 

The  several  lagoons  which  had  been  constructed  by  private  Interest  groups  on 
the  east  side  of  the  river  have  depths  averaging  about  4  feet. 

The  particular  area  of  interest  to  the  study  consists  of  that  reach  of  Lake 
Erie  shoreline,  extending  approximately  4,000  feet  east  of  the  harbor  to 
Crystal  Shores  and  about  8,100  feet  west  to  Coen  Road.  The  shoreline  imme¬ 
diately  to  the  east  of  the  harbor  structures  is  characterized  by  an  exposed 
sand  beach,  about  3,000-feet  long,  and  varying  in  width  from  approximately 
500  feet  at  the  East  Pier  fillet  through  a  summer  resort  area  known  as 
Llnwood  Park  to  near  zero  foot  at  the  easterly  limit  of  Nakomis  Beach  (see 
Plate  2.2).  The  beach  area  ends  at  the  base  of  a  steep  Huron  formation  shale 
bluff  approximately  10  to  15  feet  high.  The  shale  outcrop  extends  for  about 
2-1/2  miles  to  the  east,  where  it  dips  below  lake  level,  remaining  submerged 
until  it  rises  above  water  level  about  1  mile  east  of  Lorain. 

West  of  the  West  Pier  lies  Vermilion  City  Beach  which  is  about  50  to  75-feet 
wide  and  extends  600  feet  to  the  west.  A  bluff  consisting  of  boulder  clay 
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overlain  with  lacustrine  deposits  rises  up  to  10  feet  above  low  water  datum, 
and  gradually  Increases  to  tbe  west,  reaching  30  feet,  about  A  miles  from 
Vermilion.  To  the  west  of  the  City  Beach,  the  shoreline  Is  almost  completely 
developed  with  residences.  Numerous  short  groins  or  stone-filled  timber 
cribs  have  been  built  to  trap  protective  beaches. 

Beach  materials  generally  vary  from  fine  to  medium  sand  with  some  gravel  and 
cobbles  prevalent  near  the  water  line.  Figures  2.1  through  2.4  show  beach 
material  gradation  curves  for  selected  locations  in  the  study  area.  Grain 
size  analysis  of  the  bluff  materials  indicates  that  only  12  percent  of  the 
material  is  fine  sand  or  coarser  and  suitable  for  natural  beach  building.  A 
much  larger  percentage  of  sand  makes  up  the  composition  of  the  bluff  at 
Linwood  Beach.  Where  the  shale  surface  is  submerged,  the  coastline  is  pri¬ 
marily  boulder  clay  overlain  with  sand  deposits,  with  a  few  small  sand 
pockets . 

The  nearshore  lake  bottom  Immediately  west  of  the  harbor  is  hard  shale  with 
some  cobbles,  boulders,  and  occasional  traces  of  sand.  For  more  Information 
on  the  geology  of  the  area,  refer  to:  (a)  House  Document  No.  32,  83rd 
Congress,  1st  Session,  Appendix  VI,  Ohio  Shoreline  of  Lake  Erie,  Sandusky  'to 
Vermilion,  Ohio,  Beach  Erosion  Control  Study,  5  December  1952;  (b)  House 
Document  No.  229,  83rd  Congress,  1st  Session,  Appendix  VIII,  Ohio  Shoreline 
of  Lake  Erie  Between  Vermilion  and  Sheffield  Lake  Village,  Beach  Erosion 
Control  Study,  3  August  1953. 

Water  surface  elevations  on  the  Great  Lakes  vary  irregularly  from  year  to 
year.  The  maximum  fluctuation  between  the  average  annual  high  and  low,  still 
water  levels  for  Lake  Erie  was  4.7  feet.  These  water  level  fluctuations, 
uncharacteristic  of  ocean  shores  are  due  to  variations  in  climatic  factors 
within  regional  drainage  basins.  In  the  Vermilion  area,  still  water  level 
variations  are  as  indicated  in  Table  2.1. 

These  fluctuations  are  produced  by  rainfall  and  runoff  In  the  Great  Lakes 
Basin,  and  are  unpredictable  except  within  4  to  6  months  in  advance  of 
occurrence.  Levels  also  vary  on  a  seasonal  basis,  with  the  summer  high 
levels  averaging  about  1.5  feet  above  the  winter  low  levels.  Figure  2.5  pro¬ 
vides  pertinent  data  on  monthly  average  Lake  Erie  levels  for  the  period  1950 
through  June  1980.  Short-term  fluctuations  in  levels,  produced  by  winds  and 
barometric  pressure  differentials  are  quite  pronounced  on  Lake  Erie  because 
its  shallow  depth  (60  feet  average)  provides  less  opportunity  for  the  wind- 
impelled  surface  water  to  return  through  reverse  currents  beneath  the 
surface.  Based  on  water  level  gage  data  obtained  from  the  Toledo  and 
Cleveland  stations,  short-term  fluctuations  (wind  setup)  of  about  1.8  feet 
and  2.3  feet  can  be  expected  at  Vermilion  annually,  and  every  5  years, 
respectively.  In  addition  to  annual  and  seasonal  fluctuations,  storms  pro¬ 
duce  water  level  changes  due  to  barometric  pressure  changes  or  prolonged 
strong  'winds  whose  stresses  on  the  water  surface  cause  a  vertical  rise  or 
setup  In  the  still  water  level  on  the  leeward  side  of  the  body  of  water.  At 
Vermilion,  this  effect  can  result  in  water  level  changes  of  the  magnitude 
described  above. 

The  dominant  forces  Involved  in  shoreline  erosion  are  winds  and  waves.  The 
winds,  also  known  as  wave  generators,  act  directly  upon  beaches  by  creating 
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SAMPLE  NUMBER:  A 

STATION  POINT  0  +  00  E 
DATE  12/8/76 
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SAMPLE  NUMBER:  A 

STATION  POINT  0  +  00  E 
DATE  11/26/76 


SAMPLE  NUMBER:  A 

STATION  POINT.  0  +  00  E 
DATE  11/15/76 


NOTE  Sample  locations  shown  on  Plote  2.2 


Figure  2.1  •  SEDIMENT  GRADING  CURVES  -  STATION  0+00  E 
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SAMPLE  NUMBER :  A 

STATION  POINT  4  +  00E 
DATE  11/16/76 


SAMPLE  NUMBER:  A 

STATION  POINT  4  +  00  E 
DATE:  11/19/76 


SAMPLE  NUMBER:  A 

STATION  POINT  4+00  E 
DATE:  11/15/76 


NOTE  Sample  locations  shown  onPlole  2.2 


Figure  2.2  •  SEDIMENT  GRADING  CURVES  -  STATION  4+00  E 
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SAMPLE  NUMBER:  A 

STATION  POINT:  8  +  00  E 
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SAMPLE  NUMBER:  A 

STATION  POINT  8  +  00  E 
DATE  11/30/76 
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SAMPLE  NUMBER:A 

_  STATION  POINT  12  +  00  E 

J  DATE  11/26/76 


NOTE:  Sample  locations  shown  on  Plote  2  2 


Figure  2.3  •  SEDIMENT  GRADING  CURVES  -  STATION  8+00  E  AND  12+00  E 
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SAMPLE  NUMBER:^ 

STATION  POINT:  2  +  00  W 
DATE  11/23/76 


SAMPLE  NUMBER^ 

STATION  POINT:  2  +  00  W 
DATE:  11/10/76 


SAMPLE  NUMBER:^ 
STATION  POINT:  2  +  00  W 
DATE  11/18/76 


NOTE  Sample  locations  shown  on  Plate  2.2 


Figure  2.4  •  SEDIMENT  GRADING  CURVES  -  STATION  2+00  W 
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TabLe  2.L  -  Lake  Erie  Water  LeveLs,  1860-1974 


Item 

Eleva 
IGLD  (1) 

tion 

LWD  (1) 

Date 

Highest  Monthly  Mean  Stage 

573.51 

4.91 

June  1973 

Lowest  Monthly  Mean  Stage 

567.49 

-1.11 

February  1936 

Long-Term  Mean  Surface  (1860-1967) 

570.36 

+1.76 

Yearly  Mean  1968 

570.92 

+2.32 

Yearly  Mean  1969 

571.54 

+2.94 

Yearly  Mean  1970 

571.10 

+2.50 

Yearly  Mean  1971 

571.27 

+2.67 

Yearly  Mean  1972 

571.89 

+3.29 

Yearly  Mean  1973 

572.71 

+4.11 

Yearly  Mean  1974 

572.52 

+3.92 

Yearly  Mean  1975 

572.27 

+3.67 

Yearly  Mean  1976 

572.10 

+3.50 

Yearly  Mean  1977 

571.24 

+2.64 

Yearly  Mean  1978 

571.48 

+2.88 

Yearly  Mean  1979 

571.55 

+2.95 

(1)  Elevations  are  referenced  to  mean  water  level  at  Fathers  Point, 

St.  Lawrence  River,  Quebec,  and  are  on  International  Great  Lakes  Datura 
-  1955  (IGLD-1955).  Low  Water  Datum  (LWD)  for  Lake  Erie  is  elevation 
568.6  (IGLD-1955). 
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shear  forces  upon  the  individual  sand  particles  and  thereby  blowing  sand  off 
the  beach  or  depositing  sand  in  dunes.  In  the  Vermilion  area,  predominant 
winds  are  from  the  southwest.  Those  from  the  west-northwest  to  east  vary 
widely  in  intensity,  that  is,  from  light  summer  breezes  of  5  to  10  miles  per 
hour  (mph)  to  severe  storms  in  excess  of  60  mph  (see  Figure  2.6).  The 
largest  wind  transport  losses  are  usually  associated  with  accreting  beaches 
that  provide  a  broad  area  of  loose  sand.  Such  a  circumstance  has  occurred  at 
Lagoons  Beach  where  sand  overtopping  the  east  pier  necessitated  maintenance 
dredging  at  the  Entrance  Channel.  Wind  transport  is  not  of  any  significance 
at  Vermilion,  however. 

Wave  climate  on  Lake  Erie  is  often  violent,  causing  rapid  shore  erosion  as 
well  as  strong  long  shore  currents.  At  Vermilion,  the  larger,  steeper  waves 
created  by  strong  northeast  and  northwest  winds  are  the  most  effective  waves 
in  eroding  and  transporting  sediment  materials.  The  predominant  directon  of 
littoral  drift  in  the  study  area  is  from  east  to  west,  although  reversals  do 
occur.  Since  wind  and  wave  data  are  not  available  for  Vermilion,  historic 
wind  data  at  Lorain  Harbor  was  used  for  design  purposes.  Their  charac¬ 
teristics  are  given  in  Table  2.2. 

Table  2.2  -  Wind  and  Deepwater  Wave  Characteristics 


Fetch 

Wind 

Waves 

Direction 

Length 

Velocity 

Duration 

■MB 

Period 

(miles) 

(mph) 

(hours) 

(feet) 

(seconds) 

West 

20 

50 

20 

9.0 

6.5 

Northwest 

50 

42 

12 

9.0 

7.5 

North 

50 

35 

12 

8.5 

7.0 

Northeast 

100+ 

35 

24 

11.0 

8.0 

SOURCE:  General  Design  Memorandum,  Vermilion  Harbor,  Ohio,  Buffalo  District, 
August  1971. 

Water  quality  at  Lagoons  and  Linwood  Beaches  are  monitored  weekly  during  the 
bathing  season  by  the  Erie  County  Health  Department.  Beaches  are  required  to 
be  posted  as  unsafe  if  fecal  coliform  data  exceed  200/100  ml  (200  colonies 
per  100  ml)  for  three  consecutive  weeks.  Lagoons  Beach  data  are  available 
since  1974,  during  which  the  beach  has  never  been  posted  as  unsafe.  Linwood 
Beach  was  first  monitored  in  1978  when  unsafe  posting  was  not  required. 

Based  on  available  information,  there  is  little  indication  that  any  major 
long-term  changes  in  pollution  sources  in  the  Vermilion  River  Basin  have 
occurred  since  the  breakwater  construction.  Fecal  coliform  data  is  generally 
quite  high  (200-1,000  colonies  per  100  ml)  and  highly  variable  with  no  trends 
discernible. 


No  specific  data  are  presently  available  on  fisheries  for  the  beach  area 
concerned.  However,  a  survey  conducted  in  1975  by  a  "Corps  Contractor" 


WIND  DIAGRAM  FOR  LORAIN  HARBOR.  OHIO 

NOTES 

■■I  INDICATES  DURATION  FOR  ICE-FREE  PERIOD  (MAR.  TO 
OEC.  INCU  IN  PERCENT  OF  TOTAL  DURATION. 

[~ — I  INDICATES  DURATION  FOR  ICE  PERIOD  (JAN.  TO  FEB. 

INCL.)  IN  PERCENT  OF  TOTAL  DURATION. 

INDICATES  PERCENT  OF  TOTAL  WIND  MOVEMENT 
OCCURRING  DURING  ICE-FREE  PERIOD. 

"*•—  INDICATES  PERCENT  OF  TOTAL  WIND  MOVEMENT  OCCURR¬ 
ING  DURING  COMBINED  ICE  AND  ICE-FREE  PERIODS 

FIGURES  AT  ENDS  OF  BARS  INDICATE  PERCENT  OF 
TOTAL  WIND  DURATION  FOR  ICE- FREE  PERIOD  AND  COMBINED 
ICE-FREE  AND  ICE  PERIODS,  RESPECTIVELY. 

WIND  DATA  BASED  ON  RECORDS  OF  THE  U  S.  COAST 
GUARD  AT  LORAIN  HARBOR,  OHIO  FOR  PERIOD  I  JAN.  1938-31  DEC.I97I 
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FIGURE  2.6 


1 


t 


revealed  that  the  most  frequently  caught  fish  species  In  the  Vermilion  area 
include  cat  fish  (Ictalurus  ssp) ,  white  bass  (Marone  Chrysops) ,  white  crappie 
(Pomoxis  annularis),  yellow  perch  (Perea  flavescens) ,  and  fresh  water  drum 
(Aplodinotus  grunniens) .  Occasionally,  salmonid  species  and  walleye 
(Stizostedion  vitreum)  are  caught.  The  beach  area  and  associated  substrate 
is  not  expected  to  provide  a  very  productive  fishery  habitat. 

Natural  Environment 

Climate 

Vermilion's  location  on  the  Lake  Erie  Shore  serves  to  influence  several  cli¬ 
matological  features  of  the  area,  including  the  frequency  and  intensity  of 
storms,  lake  winds,  and  ice  conditions,  as  well  as  precipitation  patterns. 

Its  climate  is  marked  by  large  annual  and  day-to-day  changes  in  temperature 
ranging  from  105°  to  -15°  F  during  the  period  of  record  from  1936  to  1965. 
Temperatures  are  warm  during  the  summer  and  cold  with  considerable  cloudiness 
during  the  winter,  but  moderated  by  lake  breezes.  Subzero  temperatures  are 
experienced  three  winters  out  of  five.  As  shown  in  Table  2.3,  July  is  the 
warmest  month,  and  January  the  coldest.  Annual  precipitation  averages  34.15 
inches,  with  more  rain  occurring  during  the  summer.  Winter  snows  average  29 
inches  per  year.  Historical  records  show  that  the  Vermilion  Harbor  area  is 
subject  to  freezing  from  approximately  15  December  to  15  March,  and  at  least 
some  freezing  of  the  harbor  occurs  during  90  percent  of  the  time  in  winter. 
During  the  time  of  maximum  ice  cover  in  a  normal  winter  (20  to  28  February), 
more  than  95  percent  of  the  lake  may  be  frozen  to  depths  ranging  from  10  to 
18  inches.  During  spring  breakup,  the  area  between  the  breakwater  and  the 
piers  is  sometimes  unfrozen.  In  this  case,  ice  flows  coming  down  the  harbor 
may  jam  against  frozen  lake  ice  and  windrows  at  the  east  end  of  the  break¬ 
water  (Plate  2.3).  The  Vermilion  area  is  also  subject  to  windrow  ice  which 
can  accumulate  to  depths  of  20  feet  or  more.  The  shoreline  in  the  vicinity 
of  Vermilion  Harbor  may  stay  frozen  until  15  March.  (Reference,  Rondy,  D. 

R. ,  "Great  Lakes  Ice  Atlas,"  National  Oceanic  and  Atmospheric  Administration, 
U.S.  Department  of  Commerce,  September  1971.)  Ice  breaking  operations  in  the 
Vermilion  Harbor  are  conducted  by  the  U.S.  Coast  Guard  in  the  approach  and 
entrance  channels;  and  by  local  commercial  fishing  interests,  marina 
operators,  and  private  Contractors  in  the  river  channel. 

Soils  &  Geology 


The  importance  of  soils  and  geology  to  the  project  activities  stems  from  fac¬ 
tors  such  as  erodibility  and  land  use  capability.  The  Vermilion  region  is 
characterized  by  relatively  undisturbed,  nearly  horizontal  sedimentary  rocks 
ranging  in  age  from  the  Cambrian  to  the  Devonian  period.  The  rocks  are 
lnterbedded  limestones,  dolomites,  sandstones,  and  shales.  A  generalized, 
geologic  cross  section  of  the  Vermilion  area  is  shown  on  Figure  2.7 
(Reference,  Herdendorf,  C.  E.,  Geology  of  the  Vermilion  West  and  Berlin 
Heights  Quadrangles,  Erie  and  Huron  Counties,  OH,  Division  of  Geological 
Survey,  Report  No.  60,  Columbus,  OH,  1966.)  The  surfacial  materials  in  the 
vicinity  of  the  project  areas  are  unconsolidated  clay,  sand  and  gravel 
deposits  laid  down  either  by  the  Wisconsin  ice  sheet  or  by  glacial  lakes  pre¬ 
ceding  Lake  Erie.  Soils  immediately  to  the  east  and  west  of  the  harbor 
entrance  belong  to  Marsh  and  Beach  Associations,  consisting  of  layers  of  sand 
of  various  sizes  and  of  fine  gravel.  These  soils  are  used  for  recreational 
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lOTE: 

ICE  CONDITIONS  AND  ICE  BREAKER  APPROACH  AFTER  CONSTRUCTION 
OF  THE  OFFSHORE  BREAKWATER  AT  VERMILION.  WITH  BREAKWATER, 
PACK  ICE  BLOWN  BY  THE  WIND  TENDS  TO  BUILD  UP  AT  THE  EAST 
AND  WEST  LAKE  APPROACH  CHANNELS. 


ICE  CONDITIONS 


23 


PLATE  2.3 


purposes.  Their  granular  nature  causes  them  to  be  highly  susceptible  to  ero¬ 
sion.  The  relative  location  of  these  soli  associations  are  shown  on  Plate  2.4 
The  mineral  resources  located  within  the  Vermilion  River  Watershed  include 
sand  and  gravel  deposits  near  Greenwich,  located  about  35  miles  south  of 
Vermilion  Harbor  in  the  southern  portion  of  the  basin.  There  are  no  known 
deposits  of  oil  or  gas  in  the  watershed  or  near  the  lake  disposal  site. 

Sediment 

The  primary  source  of  sediment  in  the  harbor  area  is  eroding  soil  from  pre¬ 
dominantly  agricultural  lands  in  the  Vermilion  River  watershed.  This  soil  is 
delivered  to  and  transported  by  the  Vermilion  River  to  the  harbor.  Other 
sources  are  settleable  solids  discharged  from  the  sewage  treatment  plant; 
bluff  and  shoreline  erosion  updrift  of  the  harbor  area;  and  material  carried 
by  littoral  currents.  In  1974,  the  Vermilion  Wastewater  Treatment  Plant 
discharged  an  average  of  17  mg/1  of  suspended  solids  at  an  average  flow  of 
.93  million  gallons  per  day.  The  resulting  load  on  the  river  was  approxi¬ 
mately  25  tons  psr  year,  which  was  very  small  in  comparison  with  the  133,000 
tons  per  year  transported  by  the  river  to  the  project  area.  (Reference 
Gladdish,  R. ,  Vermilion  Wastewater  Treatment  Plant  Records,  1974,  unpublished 
summary.)  The  general  locations  of  soil  throughout  the  Vermilion  River 
Watershed  which  are  susceptible  to  erosion  are  shown  on  Plate  2.4. 

Little  sediment  material  comes  from  bluff  erosion  or  near  shore  lake  bottom 
sources  in  the  immediate  harbor  area.  This  is  due  to  the  shale  bedrock  com¬ 
position  of  these  potential  sediment  sources.  As  evidenced  by  the  EPA  analy¬ 
sis  of  sediments  collected  in  the  river  channel  near  the  end  of  the  piers  and 
in  the  lake  approach  areas,  much  of  the  sediment  in  this  portion  of  the  har¬ 
bor  is  composed  of  sand  and  is  suitable  for  restricted  lake  disposal 
(Plate  2.5).  Materials  carried  in  littoral  drift  (generally  east  to  west  in 
the  Vermilion  area)  are  the  source  of  these  sandy  sediments  which  are 
generated  from  updrift  areas  in  Lake  Erie,  located  to  the  east  of  Vermilion. 
(Reference,  U.S.  Environmental  Protection  Agency,  Region  V,  Great  Lakes 
Surveillance  Branch,  "Vermilion,  Ohio,  Report  on  the  Dredge  of  Pollution  of 
Bottom  Sediments,"  9  April  1975.)  However,  successive  sediment  samplings 
have  revealed  that  sediments  at  the  Entrance  Channel  were  silt,  clay  or  sandy 
silt.  For  example:  samples  taken  in  1978  (see  page  27.1  )  revealed  that  most 
of  the  sediment  was  silt  and  clay. 

Fisheries 

Lake  Erie  ha6  provided  a  valuable  commercial  fishery  during  the  last  one- 
hundred  years.  The  fisheries  have  changed  considerably  as  a  result  of 
pollution,  over  fishing,  and  introduction  of  alien  species.  Commercial 
fishing,  however,  still  plays  a  significant  economic  role  in  the  Vermilion 
area.  Over  8  million  pounds  of  fish  were  taken  by  commercial  methods  in  1974 
from  the  Ohio  Waters  of  Lake  Erie.  Sport  fishing  in  the  Vermilion  area  may 
be  characterized  as  seasonal,  with  the  months  of  June  through  October,  rated 
by  local  fishermen,  as  being  the  most  productive.  Those  species  frequently 
caught  include  catfish,  white  bass,  yellow  perch,  and  freshwater  drum. 

Because  of  seasonal  migrations  from  the  open-lake  area  to  shallow  water 
spawning  areas,  various  other  fish  species  exist  in  the  Vermilion  River.  The 
Ohio  Department  of  Natural  Resources  (ODNR)  and  the  U.S.  Fish  and  Wildlife 
Service  report  species  such  as  chinook  salmon,  coho  salmon,  and  smallmouth 
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Table  2.3.1  -  Vermilion  Harbor  Samples:  12  July  1978 
Laboratory  Results 


Sample  Number 

Base 

Point 

Ray 

Offset 

Water 

Depth 

Description 

Laboratory  Description 

Percent 

Organic 

Content 

Percent  Fine 
by  '..eight 
Than  No.  202 

River  Mouth 

l 

604 

200 

200 

12.8 

Silty  clay,  heavy  organic 

Test  not  run  on  sand 

2.2 

- 

2 

230 

100 

12.8 

Silty  clay,  heavy  organic 

Clay  with  organic  material 

8.8 

89.0 

East  Entrance 

Channel 

3 

220 

100 

12.8 

Silty  clay,  heavy  organic 

Sand  silty  clay,  with 
organic  material 

10.0 

83.7 

4 

340 

200 

11.0 

Silty  clay,  organic 

Gravelly  clay  with  organic 
material 

4.7 

78.7 

5 

0 

200 

9.6 

Clayey  silt,  trace  of  sand  organic 

Silt  with  organic  material 

6.8 

96.4 

6 

0 

100 

9.2 

Sandy  allt,  trace  clay  and  organic 

Sandy  silt  with  organic 
material 

9.6 

81.4 

? 

10 

150 

9.1 

Sandy  clayey  silt  with  organics 

Silt  with  organic  material 

9.0 

96.4 

8 

10 

250 

11.3 

Silty  clay  with  organics 

Clay  with  organic  material 

5.2 

95.2 

9 

20 

200 

8.7 

Silty  fine  sand,  clay,  and  organic 

Clay  with  organic  material 

3.3 

85.6 

10 

30 

250 

11.4 

Sandy  lit  with  clay  and  organic 

Sandy  9llt  material  with 
organic  material 

3.0 

54.3 

a 

30 

150 

7.9 

Fine  sand  (  807'  •  ;th  silt  and 

clay 

Silty  sand  with  shells 

2.2 

32. 1 

12 

30 

100 

5.8 

Fine  sand,  trace  of  9llt 

Silty  sand  with  organic 
material 

2.  1 

21.6 

13 

40 

200 

8.1 

Sandy  clayey  silt,  organics 

Silty  sand  with  organ'* 
material 

8.0 

4*> .  3 

u 

50 

300 

10.9 

Silty  sand,  trace  of  clay 

Silty  sand  with  organic 
material 

>.l 

:-.3 

15 

60 

200 

7.0 

Clayey  silty  sand 

Silt  with  organic  material 

3.8 

93. b 

lb 

60 

100 

5.3 

Silty  clayey  sand 

Silty  sand  with  organic 
clay 

4 . 4 

♦  .  1 

17 

70 

300 

9.1 

Silty  sand,  trace  of  clay 

Silty  sand  with  organic 
material 

3.0 

35.5 

18 

70 

400 

10.8 

Sandy  clayey  silt 

Sandy  slit  with  organic 
clay 

6.0 

8  5.  8 

19 

601 

290 

300 

- 

Not  taken 

20 

310 

300 

- 

Not  taken 

West  Entrance 

Channel 

21 

310 

200 

5.2 

Sandy  silt 

Silty  sand  with  orga.  Ic 
material 

2.8 

45.9 

22 

330 

200 

5.2 

Silty  sand  with  clay  and  silt 
layers 

Silty  sand  with  organic 
c  lay 

2.8 

41.8 

2) 

330 

100 

4.9 

Fine  sand  with  silt 

Silty  sand  with  organic 
material 

l9.o 

24.  1 

24 

350 

250 

6.5 

Fine  sand  with  trace  organic  and 
silt 

Silty  sand  with  organic 
material 

2. 1 

21.1 

25 

350 

150 

5.9 

Clayey  silt,  organics 

Sandy  silt  with  organic 
material 

4.4 

62.8 

i. 
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bass  may  be  expected  to  migrate  Into  the  river  daring  the  spring,  early 
summer,  and  fall  and  will  spawn  provided  the  water  quality  and  substrate  are 
suitable.  (References,  Ohio  Department  of  Natural  Resources,  Ohio  Commercial 
Fish  Landings  for  Lake  Erie,  1972,  1973,  and  1974;  Cleveland  Environmental 
Research  Group,  (CERG),  "Field  Survey  of  Vermilion  Harbor,  1975.")  As  men¬ 
tioned  earlier,  no  specific  data  are  presently  available  on  fisheries  for  the 
beach  area  concerned,  but  the  species  reported  above  are  those  frequently 
caught . 

Those  fish  species  collected  or  expected  to  occur  in  the  Vermilion  Harbor 
area  are  presented  in  Table  2.4. 

Water  Quality 


The  lack  of  sewer  lines  in  southeast  sections  of  Vermilion  may  have  a  detri¬ 
mental  effect  on  the  area's  groundwater  quality.  This  is  especially  true  of 
the  area  along  the  east  bank  of  the  Vermilion  River  where  there  is  a  high 
density  population  using  septic  tank  disposal  which  has  the  potential  for 
causing  poor  well  water  in  the  area.  Improved  municipal  sewage  treatment 
facilities  and  stricter  enforcement  of  industrial  wastewater  effluent  limita¬ 
tions  in  areas  bordering  Lake  Erie  have  succeeded  in  improving  water  quality 
in  the  lake;  and  this  trend  is  expected  to  continue.  Improved  water  quality 
in  the  lake  should  allow  for  upgrading  of  the  potential  faunal  community, 
both  aquatic  and  terrestrial. 

However,  there  have  been  several  isolated  periods  in  recent  years  during 
stormy  weather  conditions  in  early  summer  months  when  the  Erie  County  Health 
Department  has  temporarily  suspended  swimming  activities  at  the  City  Beach. 

Human  Environment 


Land  and  Water  Uses 


Consideration  of  land  and  water  use  patterns  is  helpful  in  determining  the 
type  and  magnitude  of  impacts  resulting  from  the  existing  project.  Plate 
2.6  illustrates  land  use  in  the  harbor  area.  Residential  land  use  is  found 
on  both  sides  of  the  Vermilion  River  in  the  harbor  vicinity.  Residential 
properties  occupy  both  the  west  and  east  banks  of  the  river.  The  harbor  is 
accessible  from  local  streets  in  Vermilion.  The  Vermilion  River  north  of 
the  Liberty  Avenue  Bridge  and  the  Lake  entrance  channel  serve  as  a  waterborne 
route  and  recreation  area  for  small  boats  in  the  harbor.  Approximately  one- 
half  of  the  area  near  the  Vermilion  Harbor  is  devoted  to  marine-related  com¬ 
mercial  activities.  The  Vermilion  Yacht  Club  is  located  on  the  east  side  of 
the  Vermilion  River,  between  the  Erie  and  Ontario  Lagoons  immediately  inside 
the  harbor  entrance.  Upstream  where  the  river  bends  to  the  east,  the  area 
bordered  by  Liberty  Avenue,  Main  Street  and  South  Street  is  occupied  by  a 
series  of  marine-related  enterprises,  such  as  Kishman  Fish,  the  Vermilion 
Boat  Club,  Parson's  Marine  and  Industrial  Service,  the  Snell  Fish  Company, 
etc...  .  Most  of  the  land  in  the  city  of  Vermilion  beyond  the  harbor  area  is 
agricultural  or  underdeveloped.  Residential  land,  4.7  percent  of  the  city's 
area,  is  concentrated  in  the  area  immediately  adjacent  to  the  harbor  (east, 
south  and  west  of  the  harbor)  and  the  area  2  miles  east  of  the  harbor,  for¬ 
merly  known  as  Vermi 1 lon-on-the-Lake . 
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Table  2.4  -  Fish  Species  Collected  or  Expected  to  Occur 
Vermilion  Harbor  Area,  June  1975 
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Table  2.4  -  Fish  Species  Collected  or  Expected  to  Occur 
Vermilion  Harbor  Area,  June  1975  (Cont'd) 


Table  2.4  -  Fish  Species  Collected  or  Expected  to  Occur 
Vermilion  Harbor  Area,  June  1975  (Cont'd) 
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Water  uses  In  the  vicinity  of  the  harbor  include  recreational  boating, 
fishing,  swimming,  transportation,  public  drinking  water,  waste  disposal, 
water  skiing,  scuba  diving,  canoeing,  ice  skating,  ice  hockey,  snowmobiling , 
and  sightseeing.  Locations  and  times  of  occurrence  of  each  water  use  activ¬ 
ity  are  shown  on  Table  2.5.  Vermilion's  water  is  supplied  through  the  City 
Water  Department.  Treatment  is  accomplished  through  application  of  fluoride, 
chlorine,  alum,  and  lime.  A  modified  activated  sludge  plant,  built  in  1968, 
is  used  for  sewage  treatment.  Approximately  30  trailer  parks,  motels,  and 
small  businesses  operate  septic  tanks  which  discharge  or  leach  into  Lake  Erie 
along  the  shore,  west  of  Vermilion. 

Recreation 

Recreational  opportunities  in  a  city  represent  a  basic  resource  which  may 
stimulate  future  growth  and  development.  In  the  Vermilion  Harbor  area, 
recreational  patterns  are  prime  indicators  of  the  harbor's  importance  to  the 
community.  The  number  of  boaters,  fishermen,  and  other  recreational  users  of 
the  harbor  helps  gage  the  importance  of  recreational  trade  in  the  overall 
commerce  and  business  present  in  the  city,  and  the  potential  impacts  of 
water-related  activities. 

Recreational  activities  in  Vermilion  and  its  vicinity  are  highly  seasonal  and 
quite  diversified.  Boating  is  a  prime  activity  within  the  project  area.  The 
majority  of  boaters  using  Vermilion  Harbor  are  not  from  Vermilion  but  rather 
from  areas  where  docking  facilities  are  insufficient  or  nonexistent.  An 
estimate  of  total  annual  harbor  usage  by  recreational  boaters  is  given  in 
Table  2.6. 

Other  prime  recreational  activities  in  and  near  the  project  area  are  fishing 
and  swimming.  Fishing  is  practiced  in  conjunction  with  boating.  There  is 
little  fishing  off  the  piers  and  the  breakwater  because  of  limited  access  to 
the  East  and  West  Piers  due  to  private  property  and  restricted  access  to 
boats  near  the  breakwater.  Swimming  is  prevalent  off  the  marina  docks  in  the 
river  and  lagoons,  in  Lake  Erie  at  the  foot  of  Main  Street,  and  at  private 
beaches.  A  description  of  bathing  beaches  is  given  in  Table  2.7. 

Additional  water-related  summer  activities  include  water  skiing  outside  the 
breakwater  area,  scuba  diving  from  boats  or  off  shore,  canoeing  (especially 
in  the  river  and  lagoons)  and  camping  upstream  along  the  banks  of  the 
Vermilion  River.  Local  residents  enjoy  a  variety  of  winter  recreational 
activities  on  or  near  the  harbor  and  river,  including  ice  skating  and  hockey, 
snowmobiling  and  sledding.  There  are  five  parks  in  the  city  of  Vermilion,  as 
shown  on  Plate  2.7.  Sherod  Park  and  Showse  Park  are  the  largest.  Their 
facilities  include  baseball  diamonds,  picnic  tables,  grills,  playgrounds, 
nature  trails,  and  unmanaged  beaches.  Exchange  Park,  at  the  corner  of 
Liberty  Avenue  and  Main  Street  has  park  benches  and  a  memorial  to  soldiers 
from  Vermilion  who  died  in  past  wars.  In  addition,  the  Lorain  County 
■>  Metropolitan  Park  District  maintains  the  Vermilion  River  Reservation  along 

the  river,  south  of  the  city  which  consists  of  217  acres,  and  includes 
hiking,  picnicking  and  camping  facilities.  Two  public  golf  courses  are 
located  within  the  Vermilion  vicinity.  Additional  recreational  facilities 
within  Vermilion  include  a  bowling  alley  and  a  miniature  golf  course  on  West 
Liberty  Avenue,  and  enclosed  pools  at  the  YMCA  and  Valley  View  Pool. 
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Table  2.5  -  Water  Use,  Vermilion  Harbor 


SOURCE:  Final  Environmental  Impact  Statement,  Operation  and  Maintenance,  Vermilion  Harbor, 
Erie  County,  OH,  March  1976. 
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Table  2.6  -  Harbor  Usage  by  Recreational  Boaters  (Estimated) 
Vermilion,  1975 


Power  Boats  Permanently  Docked  at  Marinas  and  Boat  Clubs  :  857 

Sail  Boats  Permanently  Docked  at  Marinas  and  Boat  Clubs  :  60 

Boats  Permanently  Docked  at  Lagoons  (Estimate)  :  100 

Boats  In  Dry  Storage  In  Vermilion,  Used  at  Least  Once  Per  Year  :  1,017 

Boats  Owned  by  Nonresidents  of  Vermilion,  Launched  In  Vermilion  at  :  2,000 

Least  Once  Per  Year  : 

Annual  Visitors  Whose  Trips  Originate  In  Other  Ports  :  2 ,000 

Total,  Annual  Number  of  Boats  Which  Use  Vermilion  Harbor  at  Least  :  6,034 
Once  Per  Year  : 


SOURCE:  RETA  Field  Survey,  17-20  June  1975 


Table  2.7  -  Bathing  Beaches, 
Vermilion  Harbor 


YERMILIO 


PARKS  AND  RECREATION 


Population  trends  and  general  growth  of  the  city  may  be  related  to  expansion 
and  maintenance  of  harbor  activities.  The  1980  population  of  the  city  of 
Vermilion  (11,012)  represents  an  11.5  percent  increase  in  population  since 
1970  (9,870),  and  an  81.7  percent  increase  since  I960  (6,060).  In  1970, 

40.2  percent  of  the  population  was  under  18  years  of  age  and  94.4  percent 
under  65  years  of  age.  There  were  2,804  households  in  Vermilion  in  1970, 
with  an  average  family  size  of  3.5  people  per  household.  Approximately 
64.6  percent  of  the  community's  houses  were  owner-occupied.  Approximately 
one-half  of  Linwood  Park’s  permanent  occupants  are  retired.  While  the  resi¬ 
dential  areas  adjacent  to  the  lagoons  are  permanent  residences,  many  of  their 
inhabitants  would  spend  part  or  all  winter  time  in  a  warmer  climate.  Many  of 
the  cottage  residences  are  now  occupied  on  a  year-round  basis,  and  the  influx 
of  a  temporary  summer  population  is  limited  by  the  availability  of  seasonal 
housing.  Many  people  reside  in  their  boats  which  are  moored  in  marina  slips 
during  the  boating  season.  (Reference,  Lorain  County  Regional  Planning 
Commission,  “Regional  Housing  Study,"  Report  No.  19,  Elyria,  OH,  31  January 
1974.) 

Employment ,  Income,  Industries 

Vermilion's  labor  force  of  3,545  persons  included  2,583  men  and  962  women 
(1970  census).  The  largest  single  employer  of  Vermilion  residents  was  the 
Ford  Truck  Plant  (approximately  5  miles  east  of  the  city),  employing  between 
500  and  1,000  residents.  The  largest  employer  within  the  city  of  Vermilion 
was  the  ITT  Wakefield  plant  which  employed  250  persons.  A  summary  of  major 
industries  in  Vermilion  is  given  in  Table  2.8.  Males  were  employed  primarily 
as  craftsmen;  females  in  the  work  force  were  primarily  employed  as  clerical 
workers,  service  workers  and  teachers.  Very  few  Vermilion  residents  were 
employed  in  the  farm  industry.  A  breakdown  of  occupational  types  among  resi¬ 
dents  of  Vermilion  is  given  in  Table  2.9.  In  1970,  the  median  family  income 
was  §11,444  and  the  per  capita  income  was  $3,355.  Self-employed  persons 
earned  substantially  less  than  persons  salaried  by  private  companies.  More 
information  on  family  income  is  presented  in  Table  2.10. 


Cultural  Opportunities 

Knowledge  of  existing  cultural  resources  indicates  the  importance  of  the  har¬ 
bor  to  overall  community  prosperity  and  its  influence  on  cultural  activities 
in  the  Vermilion  area.  Cultural  activities  are  closely  related  to  its 
standing  position  as  the  largest  small-boat  harbor  on  Lake  Erie.  Every  third 
weekend  of  June,  the  Chamber  of  Commerce  sponsored  an  annual  Festival  of 
Fish;  activities  include  model  boat  shows,  boat  rides,  sail  races,  fish 
fries,  a  review  of  fleet  and  an  annual  antique  boat  parade;  the  South  Shore 
Regatta  is  highlighted  in  August  by  the  annual  Inter-Lake  Regatta  Race  from 
Put-in-Bay  to  Vermilion.  Other  festivals  held  in  nearby  cities  and  towns 
and  attended  by  many  Vermilion  residents  include  the  International  Festival 
in  Lorain,  and  a  Water  Festival  in  Huron.  Vermilion's  historical  heritage  is 
also  closely  tied  to  its  harbor  activity.  The  Great  Lakes  Historical  Society 
Museum  on  Main  Street  contains  a  large  collection  of  ship  models,  marine 
relics,  and  paintings. 


Table  2.8  -  Summary  of  Industry 
Vermilion,  1975 


SOURCE:  Final  Environmental  Impact  Statement,  Operation  and  Maintenance,  Vermilion  Harbor 
Erie  County,  OH  -  March  1976. 


Table  2.9  -  Occupation  of  Employed  Residents* 
Vermilion,  1970 
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Table  2.10  -  Family  Incomes 
Vermilion,  1970 


Category 

Number 

Percent 

Total 

2,479 

100.0 

Less  than  $1,000 

32 

1.3 

$1,000  to  1,999 

24 

1.0 

$2,000  to  2,999 

81 

3.3 

$3,000  to  3,999 

56 

2.2 

$4,000  to  4,999 

58 

2.3 

$5,000  to  5,999 

52 

2.1 

$6,000  to  6,999 

75 

3.0 

$7,000  to  7,999 

108 

4.3 

$8,000  to  8,999 

219 

8.9 

$9,000  to  9,999 

198 

8.0 

$10,000  to  11,999 

466 

18.8 

$12,000  to  14,999 

473 

19.1 

$15,000  to  24,999 

529 

21.3 

$25,000  to  49,999 

84 

3.4 

$50,000  or  more 

24 

1.0 

SOURCE:  Final  Environmental  Impact  Statement,  Operation  and  Maintenance, 
Vermilion  Harbor,  Erie  County,  OH,  March  1976. 
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Activities  and  facilities  in  the  immediate  project  area  center  around  water- 
related  recreation  and  commer  '  There  are,  as  mentioned  earlier,  several 
public  beaches,  parks,  and  municipal  docks  as  well  as  a  number  of  marinas  and 
boat  clubs. 

The  annual  Festival  of  the  Fish  in  June,  the  South  Shore  Regatta  in  August, 
and  the  Grand  Opera  performances  by  the  Visiting  Bowling  Green  University 
Music  Department  each  February  are  events  which  highlight  the  social  and 
cultural  activities  of  the  area.  As  mentioned  above,  there  is  an  estimated 
seasonal  population  crease  in  Vermilion  of  approximately  5,000  persons  who 
mostly  rent  summer  nomes  in  the  Linwood  Park  area.  This  increase  has  been 
steady  throug  the  1960's  and  projections  indicate  that  this  trend  will  con¬ 
tinue  for  several  years  in  the  immediate  future. 


SECTION  III 


PROBLEM  IDENTIFICATION 


Problems,  Needs,  Concerns 

The  water  resource  problem  fundamental  to  this  investigation  is  that  the 
existing  Federally  constructed  breakwater  at  Vermilion  Harbor  has  allegedly 
caused  adverse  Impacts  to  the  adjacent  shoreline  and  the  community  as  a 
whole,  and  polluted  swimming  areas  by  diverting  the  river  water  across  the 
beaches.  The  breakwater  was  also  alleged  to  be  a  physical  and  psychological 
obstacle  to  the  development  of  recreational  boating,  fishing  and  swimming; 
and  a  hazard  to  navigation. 

One  of  the  local  interest's  primary  concerns  is  the  potential  relationship  of 
the  breakwater  to  the  shoreline,  or  beach  erosion,  east  of  the  harbor.  On 
6  October  1975,  the  District  Engineer  met  with  Mr.  George  W.  Grossman,  a 
resident  of  the  Linwood  Park  Community.  At  that  meeting,  the  District 
Engineer  explained  the  Corps  procedures  for  resolving  the  local  residents' 
concerns  and  complaints,  and  stated  that  the  study  of  the  shoreline  changes 
that  have  been  attributed  to  the  Federal  navigation  project  could  be  per¬ 
formed  under  Section  111  authority. 

The  Linwood  Park  residents'  complaints  include  the  adverse  effects  of  the 
detached  breakwater  on  public  water  supply,  increased  beach-water  pollution, 
ice  formation  in  the  harbor.  Increased  ice-jam  flooding  potential,  Increased 
free-flow  flood  potential,  increased  shoaling  in  the  Federal  and  private 
lagoon  navigation  channels,  land  use  changes  and  resultant  changes  in  occu¬ 
pancy  and  property  values,  and  increased  navigation  hazards.  The  Buffalo 
District  has  conducted  an  in-depth  investigation  of  these  alleged  adverse 
effects  that  local  interests  have  attributed  to  the  presence  of  the  detached 
breakwater.  As  noted  previously,  the  results  of  these  studies  are  presented 
in  the  companion  Breakwater  Impact  Study  Report.  Based  on  these  studies,  it 
has  been  concluded  that  some  changes  have  indeed  occurred  since  breakwater 
construction.  Prior  to  construction  of  the  piers  in  the  1830's,  the  amount 
of  littoral  drift,  pre-dominantly  westward,  was  relatively  small  in  the  imme¬ 
diate  vicinity  of  the  Vermilion  Harbor.  A  study  of  shoreline  changes  made  in 
1854  indicated  temporary  reversals  in  the  direction  of  the  littoral  drift 
causing  accretion  and  erosion  adjacent  to  both  the  East  and  West  Piers,  with 
greater  accumulations  west  of  the  West  Pier. 

In  recent  years,  however,  the  accretion  has  been  greater  east  of  the  East 
Pier.  (Photo  3.1).  Prior  to  construction  of  the  breakwater  in  1973,  the 
Lagoons  Beach  immediately  to  the  east  of  the  East  Pier  was  about  200  feet 
wide.  Since  construction  of  the  breakwater,  this  beach  has  accreted  an  addi¬ 
tional  300  feet,  apparently  due  to  the  shadowing  effect  of  the  breakwater. 
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la  the  1960's,  Linwood  Beach  underwent  a  dramatic  Increase  In  usable  beach 
area.  However,  there  was  a  decline  In  beach  area  in  the  decade  of  the 
1970's.  Nakomis  Beach  underwent  major  reorientation  during  the  1958-1979 
period.  About  600  feet  of  beach  at  the  eastern  extremity  of  Nakomis  Beach 
disappeared  in  the  1970's.  (Photos  3.2  and  3.3).  That  beach  has  also 
experienced  minimum  surface  area  during  periods  when  Lagoons  Beach  has  seen 
its  largest  area.  Some  concerned  local  citizens  associated  the  loss  of  beach 
area  at  Linwood  and  Nakomis  with  construction  of  the  breakwater  in  1973. 
Following  are  highlights  of  the  views  expressed  by  residents  in  written 
correspondence  and  at  the  public  meeting  held  on  31  August  1978  at  Vermilion, 
subsequent  to  completion  of  the  Stage  2  investigation: 

Rutledge  Equipment  Company  wrote: 

”...  Only  the  complete  removal  of  the  'monstrosity'  will  be 
completely  effective  in  returning  the  shoreline  to  the  pre-1972 
long-term  equilibrium  state.  This  action  would  be  desirable  to 
establish  the  long-term  equilibrium  at  the  right  point."  (Refer 
to  Appendix  D). 

In  a  written  statement  to  Buffalo  District,  dated  31  August  1978,  and  read  at 
the  public  meeting,  Mr.  George  W.  Grossman  concluded: 

"The  breakwater  was  a  very  poor  investment  of  public  funds. 

Alternative  No.  1,  Removal  of  the  Breakwater,  is  the  best 
possible,  most  beneficial,  and  least  expensive  solution  for 
Vermilion  Harbor." 

Mrs.  Ann  Peters,  a  Linwood  Park  property  owner,  stated  during  the  meeting: 

"As  far  as  we  are  concerned,  there  is  only  one  way  to  eliminate 
what  we  may  suffer  for  the  rest  of  our  lives,  and  that  is  the 
complete  elimination  of  the  wall." 

The  Linwood  Park  Cottage  Owners  Association,  Inc.,  in  a  written  statement 
dated  31  August  1978,  to  then  Colonel  D.  Ludwig  on  Vermilion  Harbor, 
commented : 

"We  note  and  endorse  Stanley  Consultants  conclusion  that  "only 
removal  of  the  breakwater  will  be  completely  effective  in  returning 
the  shoreline  to  the  pre-1972  long-term  equilibrium  state." 

However,  we  disagree  with  their  subsequent  statements  that  removal 
as  a  solution  would  not  retain  protection  for  navigation.  Those  of 
our  members  who  have  operated  small  craft  in  and  out  of  Vermilion 
Harbor  believe  that  the  project  purposes  of  aiding  commercial 
fishing  and  recreational  boating,  and  providing  a  harbor-of-refuge 
were  met  by  Vermilion  Harbor  in  its  1876-1972  status,  with  parallel 
piers  only.  We  do  not  feel  that  the  detached  breakwater  is  essen¬ 
tial  to  the  project,  and  there  is  a  question  whether  the  project's 
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Photo  3.2 

About  600  feet  of  beach  at  the  eastern  end  of  Nokomis  Beach 
disappeared.  East  end  of  Linwood  Beach  underwent  some  erosion 
reaching  the  bluff  which  protects  the  sewer  outfall.  Photo 
taken  September  1977. 


Photo  3.3 


Part  of  Linwood  Beach  to  the  west  of  the  outfall  shown  in 
photo  3.2  above  eroded  away  in  1978  (Photo  3.3).  Bluff 
protecting  sewer  outfall  was  totally  exposed  to  wave  attack. 
Nakomis  Beach  was  non-existent.  Photo  taken  May  1978. 


benefits  from  the  breakwater  have  been  attained.  Therefore,  we 
continue  to  maintain  that  removal  of  the  breakwater  would  be  the 
best  alternative  for  eliminating  the  erosion,  pollution,  and  flood 
hazard  problems..." 

The  demand  for  structural  modification  or  removal  of  the  breakwater  remains 
strong.  Some  local  interest  groups  have  suggested  removal  of  the  breakwater 
as  a  means  of  reducing  outer  harbor  shoaling  caused  by  the  breakwater.  The 
Vermilion  Tort  Authority  has  suggested  removing  a  submerged  section  of  the 
breakwater  to  allow  a  more  direct  flow  of  river  discharge  into  the  lake. 
However,  modification  or  removal  of  the  structure  would  diminish  or  eliminate 
the  ability  of  the  total  project  to  achieve  its  objectives  of  enhancing  com¬ 
mercial  fishing,  recreational  navigation,  and  providing  a  harbor-of-refuge 
for  small  crafts.  Removal  or  modification  would  also  reduce  or  negatively 
impact  the  benefits  that  the  Vermilion  Port  Authority  attributed  to  the  pre¬ 
sence  of  the  structure. 

Disposal  of  Vermilion  Harbor  Dredgings  -  Dredged  material  from  the  lake  por¬ 
tion  of  Vermilion  Harbor  is  presently  disposed  of  at  a  designated  and 
approved  open-lake  site  approximately  2  miles  north  of  the  harbor.  Material, 
both  fines  and  sand,  disposed  of  at  this  site  is  lost  to  the  littoral  zone. 

At  a  14  August  1979  Section  404  public  hearing  on  open-lake  disposal  of 
dredged  material  from  Vermilion  Harbor,  a  number  of  local  residents  requested 
that  the  disposal  site  be  moved  eastward  and  shoreward  so  that  the  beach¬ 
building  material  (sand),  portion  of  the  harbor  dredgings  can  be  returned  to 
the  littoral  regime  primarily  to  nourish  Nakomis  and  Linwood  Beaches.  The 
District  Engineer  agreed  that  consideration  should  be  given  to  relocating  the 
disposal  site,  and  has  Initiated  coordination  with  the  USEPA  and  USF&WS  to 
determine  the  environmental  viability  of  relocating  the  site  nearer  to  shore. 

In  a  letter  to  the  District  Engineer  dated  September  1980  (Appendix  E),  the 
U.S.  Fish  and  Wildlife  Service  wrote: 

"General  information  available  on  the  western  Lake  Erie  fish  and 
wildlife  resources  in  the  proposed  disposal  area  leads  us  to  believe 
that  major  detrimental  impacts  could  occur  if  dredged  material  was 
deposited  in  the  proposed  disposal  areas.” 

They  also  pointed  out  that  for  any  anticipation  of  further  study  of  this  pro¬ 
posed  relocation,  specific  data  must  be  obtained  in  order  to  accurately  pre¬ 
dict  the  Impacts  on  the  fisheries  of  relocating  the  Vermilion  disposal  area. 
As  part  of  the  process  for  evaluating  suitability  of  dredge  material  from  the 
Harbor  for  beach  nourishment  with  a  view  to  relocating  the  disposal  site,  The 
Corps  made  new  sampling  efforts  In  1981.  The  latest  chemical  and  sieve 
analyses,  done  by  Wadsworth  Testing  and  Laboratory  of  Canton,  Ohio,  revealed 
that  the  material  is  polluted.  Silt  and  clay  h_ve  dominated  the  sediments 
which  had  high  concentrations  of  arsenic,  iron,  ammonia,  and  oil  and  grease. 
Based  on  these  results,  nearshore  disposal  of  dredged  material  to  nourish 
bathing  beaches  at  the  Vermilion  Harbor  was  not  viable  and  therefore,  was 
given  no  further  consideration. 


47 


National  Objectives 

Federal  Policy,  as  developed  by  the  Water  Resources  Council,  requires  that 
the  alternative  water  and  related  Land  resource  plans  be  formulated  in 
accordance  with  the  national  objectives  of  National  Economic  Development 
(NED)  and  Environmental  Quality  (EQ).  Therefore,  in  accordance  with  the 
guidance  established  in  Engineering  Regulations  1105-2-200,  "Multi-Objective 
Planning  Framework,”  dated  13  July  1978,  this  study  is  consistent  with  the 
planning  requirements  of  the  Water  Resources  Council  Principles  and  Standards 
(P&S),  the  National  Environmental  Policy  Act  of  1969  (NEPA),  and  related 
policies.  In  accomplishing  the  study,  equal  consideration  was  given  to  the 
P&S  objectives  of  NED  and  EQ  described  below: 

.  National  Economic  Development  (NED)  -  National  Economic  Development  is 
achieved  by  increasing  the  value  of  the  nation's  output  of  goods  and 
services  and  improving  economic  efficiency. 

.  Environmental  Quality  (EQ)  -  Environmental  quality  is  achieved  by  the 
management,  conservation,  preservation,  creation,  restoration  or 
improvement  of  the  quality  of  certain  natural  and  cultural  resources 
and  ecological  systems. 

Planning  Objectives 

The  rationale  used  to  develop  alternative  plans  for  mitigation  of  adverse 
impacts  of  the  Vermilion  Harbor  Federal  navigation  structures  on  shore  ero¬ 
sion  and  related  potential  impacts  was  that  each  plan  should  serve  the 
planning  objectives  and  must  respond  to  needs  and  opportunities  at  the 
Vermilion  Harbor  and  contribute  to  national  economic  development  and  environ¬ 
mental  quality  objectives.  Two  general  planning  objectives  pursued  during 
these  studies  were  to  respond  to  Section  111  of  the  River  and  Harbor  Act  of 
1968,  and  address  the  national  water  and  related  land  management  objectives 
prescribed  by  the  U.  S.  Water  Resources  Council.  Each  of  these  two  general 
planning  objectives  is  defined  in  terms  of  the  following  specific  planning 
objectives  which  serve  to  guide  the  plan  formulation  process: 

.  If  appropriate,  mitigate  shore  erosion  damages  along  Lake  Erie  shores 
adjacent  to  the  Vermilion  Harbor  to  overcome  adverse  impacts  of  the 
Federal  navigation  structures  on  the  community  as  a  whole  during  the 
period  1982-2032. 

.  Maintain  the  ecological  value  of  the  Vermilion  Harbor  in  terms  of 
diversity,  wildlife,  erosion  control,  and  aesthetics  during  the 
period  1982-2032. 

.  Mitigate  navigation  hazards  due  to  traffic  congestion  at  the 
Vermilion  Harbor  along  adjacent  Lake  Erie  shores  during  the 
period  1982-2032,  as  appropriate. 

.  Lessen  unacceptable  pollution  of  swimming  area  and  beaches,  and 
ice  jam  and  free-flow  flooding  at  the  Vermilion  Harbor  along 
adjacent  Lake  Erie  shores  to  prevent  adverse  health  effects  on 
local  residents  during  the  period  1982-2032,  if  required. 
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As  appropriate,  eliminate  periodic  contamination  of  municipal  water 
supply  in  the  Vermilion  area  to  alleviate  public  health  concerns 
during  the  period  1982-2032. 


Studies  related  to  most  of  the  above  specific  planning  objectives  such  as 
periodic  contamination  of  municipal  water  supply,  pollution  of  recreational 
swimming  area,  ice  jam  and  free-flow  flooding,  and  navigation  hazards  are  not 
addressed  under  Section  111  authority.  The  result  of  the  investigation  of 
these  problems  is  presented  in  a  separate  companion  report  to  this  document 
titled  Vermilion  Harbor,  OH,  Condition  Survey  Report. 


SECTION  IV 

PERTINENT  STUDIES  MADE 
AND  RELATED  ACTIVITIES 

In  response  to  concerns  expressed  by  some  residents  of  Vermilion  and  at  the 
request  of  the  Ohio  Department  of  Natural  Resources,  a  number  of  studies  have 
been  conducted  by  the  Buffalo  District  to  determine  the  need  to  mitigate 
shoreline  damages  caused  by  the  Vermilion  Harbor  navigation  structures.  The 
results  of  these  studies,  beginning  with  a  preliminary  study  in  1975  and  con¬ 
tinuing  to  the  present  are  discussed  below. 

Initial  Section  111  Study 

Several  individual  Section  111  studies  have  been  performed  for  Vermilion 
Harbor,  beginning  with  the  District's  initial  study  published  on  21  January 
1976  as  a  Preliminary  Report  on  Section  111  Study  of  Vermilion  Harbor,  OH. 
This  preliminary  study  was  performed  by  the  Buffalo  District  in  1975.  Its 
purpose  was  to  determine  whether  the  Federal  navigation  improvements  have 
caused  or  Increased  the  erosion  of  the  shore  in  the  vicinity,  and  if  so,  to 
determine  what  measures  are  justified  to  mitigate  the  damages.  This  report 
recommended  that  no  action  be  taken  under  Section  111,  and  that  a  5-year 
monitoring  program  be  initiated  and  followed  by  a  supplemental  Section  111 
study  based  on  the  results  of  the  monitoring  program. 

Section  111  Stage  2  Study  (East  of  Harbor) 

Stanley  Consultants  of  Cleveland,  OH,  performed  the  investigation  of  the 
shoreline  erosion  problem;  and  the  Buffalo  District  published  in  May  1978,  a 
report  titled  Vermilion  Harbor,  Ohio,  Section  111  Study  -  Impact  of  the 
Federal  Navigation  Structures  on  Shoreline  Processes.  The  purpose  of  that 
study  was  to  quantify  the  shoreline  damages  to  the  east  of  the  harbor  due  to 
the  offshore  breakwater,  and  to  develop  alternative  plans  for  mitigating  the 
damages  if  mitigation  is  warranted.  (Exhibit  C.l  of  Appencix  C  provides  per¬ 
tinent  information.)  The  study  involved  the  following  basic  work  items: 

(1)  An  investigation  of  erosion  rates  and  shoreline  redistribution 
through  the  use  of  aerial  photographs  and  survey  information. 

(2)  A  detailed  presentation  and  evaluation  of  the  littoral  processes 
governing  the  shoreline  characteristics. 

(3)  A  determination  of  the  influence  of  the  Federally  constructed 
offshore  breakwater  on  shoreline  erosion,  particularly  to  the  east  of  the 
harbor. 

(A)  A  sediment  budget  analysis. 

(5)  A  quantitative  evaluation  of  the  shoreline  realignment  and  beach 
distribution  changes  as  related  to  the  offshore  breakwater. 

(6)  A  recommendation  as  to  whether  mitigation  measures  are  to  be  further 
considered. 
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Results  of  Stanley  Consultants  Investigation 


The  major  areas  of  Interest  Included  the  Vermilion  City  Beach,  extending  500 
to  600  feet  west  of  the  west  pier,  and  Lagoons,  Llnwood  and  Nakorais  Beaches 
extending  approximately  4,000  feet  to  the  east  of  the  harbor  channel. 

The  analysis  of  historical  information  established  that  a  significant  shift 
in  beach  material  from  east  to  west  occurred  from  1971  to  1976  on  Linwood  and 
Lagoons  Beaches.  A  slight  reversal  occurred  in  late  1976  and  1977,  as  indi¬ 
cated  by  the  beach  profile  and  aerial  photograph  analysis  in  the  Stanley's 
May  1978  report* 

Also,  accretion  at  the  east  pier  and  erosion  at  eastern  Linwood  Park  began 
before  the  breakwater  construction.  The  first  shift  in  beach  alignment  began 
as  a  response  to  high  lake  levels  and  a  slight  predominance  of  northeasterly 
winds,  and  was  accentuated  by  the  trapping  effect  of  the  breakwater.  This 
trapping  of  beach  material  by  the  breakwater  occurs  when  sand  is  driven  west 
to  the  piers  by  northeast  storms  and  is  then  protected  from  subsequent  expo¬ 
sure  to  northwest  storms  by  the  position  of  the  breakwater.  Under  pre¬ 
breakwater  conditions,  the  sand  would  be  returned  to  the  east  by  the 
northwest  storms.  On  this  basis,  Stanley  Consultants  concluded  that  the 
breakwater  has  had  an  effect  on  beach  orientation,  resulting  in  shoreline 
recession  at  Linwood  Beach. 

Stanley  Consultants  also  investigated  other  impacts  of  the  Federal  navigation 
structures  on  shoreline  alignment  and  beaches,  sediment  budget,  aesthetics, 
etc.  Their  analysis  concluded  that  the  offshore  breakwater  has  contributed 
significantly  to  shoreline  reorientation,  characterized  by  accretion  near  the 
piers  and  erosion  at  eastern  Linwood  Beach.  However,  it  has  not  been 
possible  to  quantitatively  determine  how  much  of  the  realignment  was  due  to 
high  lake  levels,  higher  incidence  of  northeast  winds  or  the  offshore  break¬ 
water.  They  also  concluded  that  only  removal  of  the  breakwater  would  be 
completely  effective  in  returning  the  shoreline  to  the  pre-1972  long-term 
equilibrium  position,  and  any  structure  that  reduces  wave  action  to  aid  navi¬ 
gation  also  reduces  the  motive  force  which  maintains  shoreline  equilibrium. 
The  offshore  breakwater  has  provided  protection  from  high  waves  at  the  harbor 
mouth,  and  has  had  an  adverse  impact  on  shoreline  reorientation  and  erosion 
at  the  east  end  of  Linwood  Beach.  However,  the  apparent  relative  stabiliza¬ 
tion  of  the  shoreline  at  its  1976  alignment  leads  to  further  conclude  that  no 
additional  significant  erosion  of  the  beach  is  likely,  but  minor  short-term 
fluctuations  in  orientation  continue  to  occur  as  a  result  of  storms,  and 
beach  width  varies  with  lake  levels.  The  bluff  may  continue  to  erode  when 
storms  occur  during  high  lake  levels,  even  though  the  beach  remains  in  a 
long-term  equilibrium  position.  On  this  basis,  Stanley  Consultants  concluded 
that  •  •  .  "assuming  that  the  beach  is  acceptable  as  it  presently  exists,  no 
further  consideration  of  mitigation  for  beach  erosion  is  required."  Periodic 
monitoring  of  the  beach  was  recommended  so  that  any  future  unanticipated 
reorientation  of  the  shoreline  is  promptly  recorded. 

Buffalo  Districts  Stage  2  Conclusions 

The  Stanley  Consultants'  report  was  reviewed  by  the  Buffalo  District  Engineer 
and  the  Coastal  Engineering  Research  Center  at  Fort  Belvoir,  Virginia.  It 


was  found  that  the  conclusions  reached  by  Stanley  Consultants  are  considered 
reasonable  and  equitable  to  all  concerned  parties,  including  the  Federal 
Government.  Based  on  Stanley’s  results,  the  District  prepared  preliminary 
designs,  cost  estimates,  and  benefit  calculations  for  eight  alternatives  to 
restore  the  easterly  beaches  to  their  estimated  prebreakwater  condition. 

This  analysis  is  presented  in  the  Syllabus  to  Stanley  Consultants'  May  1978 
Section  111  Report  (See  Attachment  5  of  Appendix  D).  From  this  Stage  2  pre¬ 
liminary  analysis,  the  District  concluded  that  mitigation  of  the  loss  of 
beach  at  Linwood  should  be  undertaken,  even  considering  that  the  highest 
benefit-to-cost  ratio  was  0.83  for  Alternative  2  and  the  benefits  were  pri¬ 
marily  recreational  benefits  as  opposed  to  shoreline  damages  prevented,  which 
is  the  basis  for  Section  111  mitigation.  The  recommendations  of  Stage  2 
were:  (1)  to  undertake  Stage  3  of  the  Detailed  Project  Report  with  the 
alternative  for  mitigation  at  Linwood  Beach  selected  considering  input  pre¬ 
sented  at  a  public  meeting  to  be  held  at  a  later  date,  and  (2)  the  need  for 
mitigation  (downdrift)  to  be  investigated  in  Stage  3.  Since  that  time, 
further  observation  of  the  easterly  beaches  by  Buffalo  District  staff  indi¬ 
cates  a  gradual  approach  of  the  shoreline  to  the  east  of  the  harbor  to  its 
prebreakwater  equilibrium  state.  Therefore,  the  District  subsequently 
decided  to  reevaluate  the  shoreline  condition  to  the  east  before  reaching  a 
final  conclusion  on  the  need  for  mitigation  to  the  east.  This  reevaluation 
was  performed  for  Buffalo  District  by  Tetra  Tech  Inc.  in  1980-1981  (see 
Appendix  A  for  Tetra  Tech's  report). 

Related  Erosion  Studies  and  Activities 


a.  Section  14  Study  -  In  1977,  at  the  request  of  local  officials,  the 
District  undertook  a  Section  14  reconnaissance  study  to  determine  the  need 
for  and  viability  of  providing  emergency  protection  for  a  sanitary  sewer 
interceptor  line  along  the  bluff  at  Linwood  Beach.  The  results  of  this  study 
are  presented  in  a  30  September  1977,  (revised  12  June  1979)  letter  report, 
SUBJECT:  Section  14  Reconnaissance  Report  for  Elberta  Beach  and  Linwood 
Park,  Vermilion,  OH  (Appendix  C,  Exhibit  C.3).  The  proposed  plan  was  a 
rubblemound  revetment  which  was  opposed  by  the  Linwood  Park  Cottage  Owners 
Association,  leasees  of  the  land.  For  this  reason,  the  city  could  not  pro¬ 
vide  a  letter  of  intent  for  the  local  assurances. 

In  the  Section  14  Reconnaissance  Report,  the  District  Engineer  noted  that  the 
Vermilion  Harbor  Section  111  study  was  addressing  the  erosion  problem  at 
Linwood  Beach.  Several  of  the  alternative  plans  of  improvement  considered  in 
Stage  2  of  the  Section  111  study  (see  Syllabus  to  Stanley's  May  1978  report) 
would  incorporate  protection  of  the  interceptor  sewer.  However,  as  shown 
later  in  this  report,  the  District's  conclusion  of  no  mitigation  of  shoreline 
damages  under  Section  111  precluded  providing  additional  improvements  in  the 
form  of  a  protective  beach  to  protect  the  interceptor  sewer. 

b.  Sand  Pumping  Demonstration  -  In  May  1979,  the  District  performed  a 
Sand  Pumping  Demonstration  Program  in  Vermilion  and  subsequently  published  a 
report  dated  October  1980  (Appendix  C,  Exhibit  C.2).  The  purposes  of  this 
Demonstration  Program  were:  (1)  to  determine  if  the  artificial  transport  of 
sand  was  a  viable  alternative  for  mitigation  as  suggested  in  the  syllabus  of 
the  Vermilion  Preliminary  Section  111  Report,  (2)  to  determine  if 
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utilization  of  a  hydraulic  dredge  produced  and  distributed  by  "Mud  Cat" 
Division,  National  Car  Rental  Services,  Inc.,  or  similar  equipment,  could 
feasibly  dredge  and  transport  sand  at  Vermilion,  OH,  and  other  Federal 
recreational  harbors. 

The  District  performed  preliminary  lake  bottom  material  surveys  in  1977  and 
1978  in  order  to  locate  a  borrow  area.  Sand  was  to  be  pumped  from  the  pri¬ 
mary  borrow  source  adjacent  to  the  east  pier  at  Lagoons  Beach  to  Linwood 
Beach  (Plate  4.1).  Prior  to  the  actual  demonstration  operation,  the  District 
made  additional  surveys  and  samplings  of  bottom  materials  in  the  vicinity  of 
the  proposed  borrow  source.  Bottom  sampling  performed  in  April  1979  indi¬ 
cated  that  there  was  much  less  beach  sand  suitable  in  the  proposed  borrow 
area  than  anticipated.  The  northeasterly  third  of  the  proposed  primary 
borrow  source  is  predominantly  silts  and  clay  and  not  a  suitable  source  for 
beach  replenishment.  On  the  basis  of  this  information,  the  final  limits  of 
the  primary  and  secondary  borrow  areas  were  established  as  shown  on  Plate 
4.2.  The  sand  pumping  demonstration  program  actually  began  on  10  May  1979 
and  ceased  on  19  May  1979.  Based  on  an  evaluation  of  the  program,  approxi¬ 
mately  2,500  cubic  yards  of  beach  materials  were  pumped  from  Lagoons  to 
Linwood  Beach  during  9  days  of  pumping  operations.  Productivity  fell  short 
of  the  15,000  cubic  yards  planned  to  be  dredged.  The  actual  cost  of  the 
program  was  $41,000,  producing  unit  cost  of  $16.40  per  cubic  yard. 

Circumstances  contributing  to  the  poor  performance  and  high  unit  cost  of  the 
demonstration  program  were  numerous.  However,  considerable  knowledge  was 
gained  with  respect  to  artificially  transferring  sand  with  the  use  of 
hydraulic  dredging  equipment:  the  distance  the  Mud  Cat  had  to  pump  material 
was  too  great  for  the  type  of  material  pumped.  For  the  medium  sand  with 
gravel  which  was  encountered  at  the  project  site,  the  maximum  feasible 
pumping  distance  should  have  been  about  1,500  feet.  Since  the  medium  sand 
with  gravel  was  pumped  approximately  3,000  feet  under  a  10-foot  head,  the 
pump  could  not  deliver  the  sand  with  sufficient  velocity  at  the  discharge 
end.  This  caused  the  sand  to  settle  in  the  pipe,  and  restrict  the  flow 
completely . 

The  San**  Pumping  Demonstration  Program  at  Vermilion  was  considered  to  be 
unsuccessful  because  only  17  percent  (2,500  cy)  of  the  desired  volume  (15,000 
cy)  of  beach  materials  was  pumped  from  Lagoons  Beach  to  Linwood  Beach.  As 
mentioned  above,  large  sizes  of  materials  encountered  and  susceptibility  of 
Mud  Cat  operations  to  bad  weather  made  it  difficult  to  Improve  production. 
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SECTION  V 

SECTION  111  ,  STAGE  3  STUDIES 


STUDY  OF  SHORELINE  DAMAGES  TO  THE  WEST  OF  VERMILION  HARBOR 

a.  Introduction  -  In  the  summer  of  1979,  the  District  contracted  with 
Tetra  Tech,  Inc-  to  study  and  define  the  impacts  of  the  Federal  navigation 
works  at  Vermilion  Harbor,  Ohio,  on  the  shoreline  to  the  west  of  the  harbor 
structures.  They  (Tetra  Tech)  have  made  an  extensive  study  of  the  shore 
processes,  shore  and  beach  characteristics,  and  of  the  physical  forces 
involved  such  as  waves,  winds,  currents,  ice,  and  lake  water  levels.  (Tetra 
Tech's  July  1980  report  is  included  as  Appendix  B  to  this  report).  They 
concluded  that  the  fortification  of  these  shores  by  private  interests  has 
masked  the  damaging  effects  of  sediment  blockage  and  diversion  at  the  east 
harbors  piers.  In  addition,  the  armored  nature  of  the  western  shoreline 
makes  the  impact  of  the  offshore  breakwater  indistinguishable  from  the  impact 
of  the  harbor  piers  alone.  In  unprotected  areas,  further  to  the  west,  bluff 
erosion  had  been  aggravated  by  the  harbor  piers  and  the  subsequent  armoring 
of  adjacent  shores.  In  these  unprotected  regions,  29  percent  of  the  long¬ 
term  bluff  erosion  rate  is  directly  attributable  to  the  Federal  navigation 
structures  at  Vermilion. 

Four  alternative  plans  were  evaluated  for  mitigation  of  these  losses.  These 
plans  vary  widely  in  structure,  cost,  and  impacts  on  adjacent  shores.  They 
called  for  beach  nourishment  with  structural  protection,  and  bluff  revetment. 
In  addition,  a  "no-action"  alternative  plan  has  been  considered.  Due  to 
relatively  high  construction  costs  and  low  derived  benefits,  none  of  these 
alternatives  were  economically  feasible.  These  alternative  plans  are 
described  below. 

b.  Description  of  Alternatives 


(1)  Alternative  1  -  Beach  Nourishment.  For  Alternative  1  physical 
features,  see  Figure  5.1.  This  plan  presents  the  maximum  Federal 
responsibility.  The  elements  Include: 

(a)  20-foot  wide  beach  restoration  (except  500  feet  west  of  west  pier). 

(b)  Beach  replenishment  at  three  sites  (708  cy/year  each, . 

(c)  Construction  of  210-foot  groin  at  Marine  Museum  to  restrict  eastward 
movement  of  beach  sand  into  lee  of  harbor  structures. 

The  first  cost  of  Alternative  1  is  estimated  to  be  $283,300  (see  Table  5,  pp. 
6-7  of  Appendix  B  for  detailed  cost). 
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(2)  Alternative  2  -  Beach  Nourishment.  The  features  of  Alternative  2 
are  shown  in  Figure  5.2.  This  plan  supplements  the  maximum  Federal  effort 
with  local  participation  that  will  result  in  the  optimum  beach  nourishment 
plan. 

(a)  20-foot  wide  beach  restoration  (except  500  feet  adjacent  to  west 
pier) . 

(b)  Beach  replenishment  at  three  sites  (2,461  cy/year  each).  The 
Federal  Government  would  be  responsible  for  29  percent  (2,123  cy)  of  the  cost 
of  this  item. 

(c)  Construction  of  a  210-foot  groin  at  Marine  Museum. 

The  beach  nourishment  program  called  for  in  this  plan  would  require  placement 
of  7,384  cy/year  in  three  equal  parcels  at  the  3  stations  (29,  52,  and  74). 
The  first  cost  of  Alternative  2  is  $283,300  (see  Table  6,  pp.  6-11  of 
Appendix  B). 

(3)  Alternative  3  -  Beach  Nourishment  and  Groin  Construction.  This 
alternative  provides  for  the  construction  of  a  number  of  short  groins  that 
will  serve  as  impoundment  structures  and  thereby  restrict  the  passage  of  the 
beach  sand  out  of  each  "groin-bounded"  shore  compartment.  The  basic  elements 
of  this  plan  include: 

(a)  20-foot  wide  beach  restoration  (except  500  feet  adjacent  to  west 
pier) . 

(b)  Beach  replenishment  at  three  sites  (1,231  cy/year  each).  The 
Federal  Government  would  be  responsible  for  57  percent  (=2,123  cy)  of  the 
cost  of  this  Item. 

(c)  Construction  of  a  210-foot  groin  at  the  Marine  Museum. 

(d)  Construction  of  11  short  (83-feet  long)  groins. 

Figure  5.3  shows  the  location  of  these  groins  and  the  proposed  nourishment 
site  along  with  other  features  of  this  plan.  The  first  cost  of  Alternative  3 
is  $461,930  (see  Table  7,  pp.  6-14  of  Appendix  B  for  detailed  cost  estimate). 

(4)  Alternative  4  -  Bluff  Revetment.  This  plan  calls  for  the  total  for¬ 
tification  of  the  bluff  using  a  quarrystone  revetment.  This  will  serve  to 
halt  future  bluff  erosion.  The  major  elements  of  this  plan  are: 

(a)  20-foot  beach  restoration  (360-foot  long  Vermilion  City  Beach  only). 

(b)  Construction  of  210-foot  groin  at  Marine  Museum. 

(c)  Construction  of  quarrystone  revetment  -  Museum  to  Coen  Road. 


For  physical  features  of  this  plan,  see  Figure  5.4.  The  first  cost  for 
Alternative  4  is  $4,038,700  (see  Table  8,  pp.  6-17  of  Appendix  B  for  detailed 
cost  estimate). 
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c.  Estimated  Shoreline  Damages  -  It  was  determined  that  there  are  four 
categories  of  shoreline  damages  attributable  to  the  Vermilion  Harbor 
structure.  These  categories  are:  loss  of  recreational  use  at  City  Beach; 
loss  of  public  lands  at  Sherod  Park;  loss  of  residential  lands;  and  loss  of 
structures.  As  shown  in  Table  5.1  below,  the  total  average  annual  loss 
(damage)  to  the  west  of  Vermilion  Harbor  is  estimated  at  $22,770,  annually. 

Of  this  total,  $5,750  are  attributable  to  the  Vermilion  Harbor  structures  and 
$17,015  are  naturally  induced,  as  shown  in  Table  5.3.  The  derivation  of 
these  values  are  discussed  in  Attachment  1  (Buffalo  District's  Economic 
Reevaluation)  to  Appendix  B. 


Table  5.1  -  Total  Expected  Annual  Losses  West  of  Vermilion  Harbor 
(Base  Year  1982) 


Annual 
Land  Loss 
(sq.  ft.) 

Total  Loss 
to  2035 
(sq.  ft.) 

Average  Annual 
Loss  (1) 

($) 

Loss  of  Recreational  Usage 
Vermilion  City  Beach 

60 

3,000 

1,009 

Loss  of  Public  Land 

Sherod  Park 

1,890 

94,500 

4,253 

Loss  of  Residential  Land 

4,190 

209,500 

9,428 

Loss  of  Structures 

- 

six 

structures 

8,076 

Total 

6,140 

307,000 

22,770  (2) 

(1)  July  1980  price  levels;  7-1/8  percent  interest  rate. 

(2)  Rounded  up  to  nearest  10. 

SOURCE:  For  discussion  of  these  damages,  see  Buffalo  District's  Economic 

Reevaluation,  Attachment  1  to  Appendix  B  (Tetra  Tech  1980  Report). 

d.  Benefit  Evaluation  and  Economic  Analysis  -  Residual  average  annual 
damages  to  the  west  of  the  harbor  for  the  four  mitigation  plans  investigated 
were  obtained.  These  residual  damages  are  discussed  in  Attachment  1  to 
Appendix  B  and  summarized  in  Table  5.4,  below.  Table  5.4  shows  that  residual 
annual  damages  would  be  $5,200  for  Alternative  1  and  all  damages  would  be 
eliminated  for  Alternatives  2  through  4. 

Average  annual  benefits  for  all  plans  of  improvement  considered  consist  of 
(1)  shoreline  damages  prevented;  and  (2)  the  annual  equivalent  of  the 
recreational  value  added  due  to  additional  beach  area  added.  The  derivation 
of  these  average  annual  benefits  is  discussed  in  detail  in  Attachment  1  to 
Appendix  B  (Tetra  Tech  1980  Report),  and  summarized  in  Table  5.5  below.  As 
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shown  in  Table  5.5  the  estimated  annual  benefits  to  the  west  of  the  harbor 
structures  vary  from  a  minimum  of  §23,340  for  Alternative  1  to  a  maximum  of 
$30,750  for  Alternatives  2  and  3. 


Table  5.2  -  Inventory  of  Stickout  Structures  (1),  Vermilion  Reach 


:  Structure 

Type  and 

Number  of  Structures  (2) 

Location  :  Number  (1) 

1877 

1937 

1.973 

Lorain-Erie  County  Line  :  la 

_ 

G 

:  lb 

- 

G 

- 

:  3 

X 

X 

2J 

:  4a 

y 

G 

- 

:  4b 

- 

G 

- 

:  5 

y 

X 

G 

:  6a 

- 

G 

- 

:  7 

- 

- 

2G 

8 

- 

G 

- 

:  9 

- 

y 

3G 

:  10 

y 

X 

G 

:  10a 

- 

G 

- 

:  11 

- 

X 

G 

:  12 

G 

X 

3G/B 

:  13 

- 

G 

2G 

:  13a 

- 

G 

- 

:  14 

- 

y 

G 

:  15 

- 

G 

3G 

:  16 

- 

2G 

G 

:  17 

- 

X 

2G 

:  18 

- 

- 

3G 

:  19 

- 

G 

G 

:  19a 

- 

G 

- 

:  20 

GF-4 

GF-7 

(1)  Structure  numbers  correspond  to  numbers  in  aerial  photos  5. 1-5. 4a. 

Only  structures  visible  on  maps  and  aerial  photographs  (stickout 
structures)  are  incitded  in  this  table.  Photos  5. 1-5.4  show 
location  of  structures  in  the  vicinity  of  the  harbor. 

(2)  B,  breakwater;  G,  groin;  GF,  groin  field;  J,  jetty;  P,  pier,  x,  struc¬ 
ture  identified  in  later  year  is  most  likely  the  same  structure  observed 
on  map  or  aerial  photograph;  y,  structure  identified  in  later  year  is 
possibly  the  same  structure  observed  on  map  or  aerial  photograph;  for 
structure  numbers  which  include  more  than  one  structure,  the  number  of 
individual  structures  is  given. 

Table  5.6  presents  a  summary  of  annual  costs,  annual  benefits  and  the 
benefit/cost  ratios  for  the  four  alternative  plans  of  improvement  considered 
for  mitigating  shoreline  damages  to  the  west  of  the  harbor  structures.  From 
this  summary,  it  is  seen  that  Alternative  1,  having  a  benefit-to-cost  ratio 
of  0.51,  would  be  the  most  economically  efficient  of  all  the  plans 
considered. 
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Table  5.3  -  Percent  of  Federally  and  Naturally-Induced  Damages 


Total 


Category 

Annual 

Damages 

Federally 

Induced 

Naturally 

Induced 

Percent 

Federal 

Percent 

Natural 

$ 

$ 

$ 

Structure 

Damages 

8,076  (1) 

1,729  (1) 

6,347  (1) 

21 

79 

Residential 

Damages 

9,428  (2) 

2,694  (2) 

6,734  (2) 

29 

71 

Public 

Land  Loss 

4,253  (3) 

1,215  (3) 

3,038  (3) 

29 

71 

Recreation 
Beach  Loss 

1,009 

113 

896  (4) 

ii 

89 

Total 

$22,770 

$5,750 

$17,015 

25  (5) 

75 

(1) 

See 

Attachment 

(2) 

See 

Attachment 

(3) 

See 

Attachment 

(4) 

See 

Attachment 

(5) 

See 

Attachment 

SOURCE: 

Attachment 

Supplement 

Table  5.4 

1,  Economic  Reevaluation  (pp  1  of  16) 

1,  Economic  Reevaluation  (pp  4  of  16) 

1,  Economic  Reevaluation  (pp  4  of  16) 

1,  Economic  Reevaluation  (pp  1  of  16. a) 

1,  Economic  Reevaluation  (pp  1  of  16. a) 

1,  Economic  Reevaluation  (pp  1  of  16;  4  of  16;  1  of  16. a) 

to  Appendix  B,  Tetra  Tech,  1980  Report. 

-  Average  Annual  Damage  Summary  for  Shoreline 
to  West  of  Harbor  Structures 


Alternative 

Structures 

Land  Lc 
Residential 

>ss 

Public 

Recreation 

Existing 

Residual 

Average 

Annual 

Damages 

$ 

$ 

$ 

$ 

$ 

No  Action 

8,080 

9,430 

4,250 

1,010 

22,770 

Alternative  1 

2,980 

1,530 

690 

0 

5,200 

Alternative  2 

0 

0 

0 

0 

0 

Alternative  3 

0 

0 

0 

0 

0 

Alternative  4 

0 

0 

0 

0 

0 
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Table  5.5  -  Average  Annual  Benefit  Summary  for  Shoreline 
to  West  of  Harbor  Structures 


Alternative 

Total  Damages 
Prevented 

Total  Recreation 
Benefits 

Total  Average 
Annual  Benefits 

$ 

$ 

$ 

1 

16,660 

6,680 

23,340 

2 

21,760 

8,990 

30,750 

3 

21,760 

8,990 

30,750 

4 

21,760 

2,560 

24,320 

e .  Summary  Evaluation  of  Mitigation  for  Shoreline  Damages  to  the  West 
of  the  Harbor  Stuctures  -  None  of  the  four  alternative  plans  described  above 
has  been  identified  as  an  economically  feasible  erosion  mitigation  alter¬ 
native  as  shown  in  Table  5.6.  The  actual  benefits  attributed  to  beach  and 
bluff  protection  are  relatively  small.  Currently,  the  total  annual  damages 
due  to  losses  of  residential  and  public  land,  and  structures;  and  to  loss  of 
recreational  resources  along  the  study  reach  were  estimated  to  be  approxima¬ 
tely  $22,700  (Table  5.4).  In  terms  of  erosion  mitigation  under  Section  III 
Authority,  only  the  value  of  the  erosion  induced  by  the  Federal  navigation 
structure  can  be  considered  in  the  economics  of  the  mitigation  alternatives. 
Thus,  $5,750  or  25+  percent  of  the  total  annual  damages  (Table  5.3)  would  be 
the  total  annual  damage  attributable  to  the  harbor  structures,  which  will 
occur  in  the  future  if  no  action  is  taken. 

Furthermore,  comparison  of  the  pre  vs.  postbreakwater  aerial  photographs 
indicate  that  the  offshore  breakwater  has  caused  no  increased  detrimental 
effect  on  the  shoreline  which  lies  to  the  west  of  the  harbor.  Because  of 
private  protective  works  (see  Table  5.2)  built  in  those  shore  areas  just  west 
of  the  west  piers,  no  significant  erosion  damage  has  been  recorded  in  recent 
years  in  most  sections  of  that  shoreline.  As  summarized  in  the  Tetra  Tech 
1980  Report: 

"in  the  brief  period  since  the  construction  of  the  offshore 
detached  breakwater,  no  net  effect  of  this  new  navigation  work  can 
be  surmised.  Local  effects  of  this  breakwater  are  apparent  due  to 
its  "shadow"  effect  for  waves  from  the  northeast.  These,  however, 
are  limited  to  a  redistribution  of  beach  material  in  the  Marine 
Museum/City  Beach  area  causing  a  sand  fillet  to  develop  adjacent  to 
the  west  pier.  The  offshore  breakwater  has  had  such  a  limited 
effect  on  the  shoreline  west  of  Vermilion  Harbor  mainly  because  its 
sole  influence  has  been  to  further  limit  or  stop  the  already  minute 
amount  of  littoral  material  bypassing  the  existing  harbor  piers." 
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Due  to  early  shore  protection  measures  constructed  by  private  land  owners  In 
Vermilion,  much  of  the  shore  . Ine  along  the  study  reach  Is  relatively  well 
fortified  and  therefore  resi-  tant  to  erosion-induced  damage  (stickout  struc¬ 
tures  are  shown  in  Photos  5. 1-5. 4. a).  Further  observations  by  the  District 
have  not  revealed  otherwise. 

REASSESSMENT  OF  THE  NEED  FOR  MITIGATION  OF  SHORELINE  DAMAGE  EAST  OF  THE 
HARBOR  STRUCTURES 

a.  Introduction  -  Subsequent  to  completion  of  the  Stage  2  Section  111 
Study  by  Stanley  Consultants  in  1978,  certain  events  have  occurred  that 
caused  the  District  to  reassess  its  position  concerning  mitigation  of  shore¬ 
line  damages  to  the  east  of  the  harbor  structures.  Periodic  observations  of 
the  easterly  beaches  Indicated  that  significant  accretion  was  occurring  at 
Linwood  and  Nakomis  Beaches.  A  clear  observation  was  that  the  reoriented 
shoreline  has  not  stabilized  as  suggested  by  Stanley  Consultants  in  the  May 
1978  Stage  2  Report.  The  District  evaluation  was  that,  in  the  long-term,  the 
easterly  shoreline  will  assume  an  orientation  similar  to  that  existing  prior 
to  construction  of  the  breakwater  in  1973.  The  "shadowing  effect"  of  the 
breakwater  which  prevents  some  longshore  transport  from  Lagoons  Beach 
easterly  onto  Linwood  and  Nakomis  Beaches  during  storms  from  the  northwest, 
is  minimized  by  the  lakeward  migration  of  the  shoreline  at  the  East  Pier 
Fillet,  inducing  a  similar  lakeward  migration  of  the  shore  further  to  the 
east.  Photos  5.5  and  5. 5. a  for  instance  exhibit  significant  accretion  in  the 
pocket  at  Nakomis  and  it  the  east  end  of  Linwood  Beach.  Because  of  these  new 
trends,  the  District  conducted  bathymetric  surveys  of  the  easterly  beaches  in 
June  1979  and  August  1980  and  subsequently  modified  Tetra  Tech  contract  in 
October  1980  to  include  a  reevaluation  of  these  beaches  to  reflect  pre  and 
postbreakwater  conditions.  In  July  1981,  Tetra  Tech  completed  its  final 
report  (herein  included  as  Appendix  A)  titled:  Summary  Evaluation, 

Historical  Shore  and  Bluff  Changes  East  of  Vermilion  Harbor,  Ohio. 

b.  Methodology  Used  by  Tetra  Tech  -  The  basic  methodology  used  to  quan¬ 
tify  beach  area  changes  and  bluffline  changes  for  the  pre  and  postbreakwater 
conditions  east  of  the  Vermilion  Harbor  piers,  was  analysis  of  historical 
shoreline  changes  using  available  maps,  compute  supported  aerial  photo  analy¬ 
sis  techniques  and  bathymetric  surveys. 

The  aerial  photo  analysis  has  updated  the  previous  analyses  providing  more 
comprehensive  coverage  of  the  pre  and  postbreakwater  construction.  Survey 
volume  trends  reported  in  an  earlier  study  were  compared  with  trends  iden¬ 
tified  by  ae  lal  photo  analysis  to  facilitate  the  documentation  of  historical 
changes  of  Lagoon,  Linwood  and  Nakomis  Beach  system  and  provide  a  basis  for 
determining  the  Impact  of  the  breakwater  on  shoreline  configuration. 

The  aerial  photo  analysis  performed  in  this  study  was  undertaken  for  the 
reach  encompassing  Lagoons,  Linwood  and  Nakomis  Beaches.  Aerial  photos 
selected  for  additional  analysis  in  this  study  were  chosen  to  augment  those 
in  the  e-  ’•Her  study  especially  around  the  critical  period  of  construction  of 
the  breakwater  in  1973  and  1974.  Interpretation  of  aerial  photography  only 
represents  the  change  with  time,  of  the  position  of  the  line  representing  the 
interface  of  land  with  the  lake.  As  such,  this  method  does  not  take  into 
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account  what  happens  above  or  below  the  waterline.  Experience  suggests  that 
there  should  be  a  definite  relationship  between  the  movement  of  the  shoreline 
and  the  amount  of  volume  change  coincident  with  recession  or  accretion. 
Experience  also  suggests  that  this  relationship  may  not  be  the  same  for  all 
cross-sections  along  the  shoreline  especially  if  they  are  oriented  at  dif¬ 
ferent  angles  to  wave  incidence  or  composed  of  slightly  different  materials. 
The  average  end  method  was  used  to  estimate  the  volume  change  in  any  par¬ 
ticular  shoreline  segment.  Figure  5.5  shows  the  combined  1977  to  1980  Corps 
data  in  a  postbreakwater  period  in  contrast  to  the  Stanley  1974-1977  data 
just  following  breakwater  construction.  A  comparison  of  the  6  years 
(1974-1980)  since  breakwater  construction  and  the  5  years  (1968-1973)  prior 
to  breakwater  construction,  shows  that  accretion  trend  adjacent  to  the  East 
Pier  has  decreased  to  about  half  of  the  prebreakwater  levels.  Also,  the 
extent  of  accretion  along  Lagoons  Beach  has  decreased  and  the  eastern  segment 
of  Lagoons  Beach  indicates  an  eroding  trend.  The  eastern  reach  (Stations  18 
through  28)  which  was  eroding  during  the  prebreakwater  period  now  indicates 
accretion.  However,  any  attempt  to  determine  the  effects  of  the  breakwater 
on  the  shoreline  based  on  volumetric  change  data  alone  would  be  inconclusive. 

Volumetric  shoreline  change  rate  trends  determined  from  bathymetric  survey 
analysis  were  compared  to  the  combined  aerial  photo  data  base.  Very  good 
agreement  was  found  between  the  two  types  of  data,  indicating  that  the  trends 
shown  were  a  valid  documentation  of  historical  shoreline  changes.  The  aerial 
photo  coverage  and  field  survey  data  show  that  for  the  Lagoons-Linwood- 
Nakomis  segments  the  trend  of  the  shoreline  before  breakwater  construction 
was  that  of  slight  accretion  for  the  Lagoons  segment,  minimal  recession  for 
Linwood  and  near  zero  recession  for  the  Nakomis  segment . 

c.  Evaluation  of  Short-  and  Long-Term  Shoreline  Changes  Attributable  to 
the  Detached  Breakwater 


(1)  Shoreline  Changes.  Major  changes  in  beach  configuration  have  taken 
place  throughout  the  1948-1980  study  period.  Along  with  the  lake  level,  the 
total  length  of  sandy  beach  has  fluctuated.  Temporary  reversals  in  the 
direction  of  the  littoral  drift  have  caused  lakeward  and  shoreward  shoreline 
migration  as  revealed  by  the  study  of  shoreline  relative  positions  by  Tetra 
Tech  (Appendix  A). 

Figure  5.6  shows  the  shoreline  relative  positions  with  respect  to  Low  Water 
Datum  in  the  vicinity  of  the  harbor  structures  for  the  1835-1978  period  as 
presented  in  the  1978  report  prepared  by  Stanley  Consultants.  These  relative 
positions  have  indicated  a  reorientation  of  the  easterly  shoreline  in 
mid-1973  with  a  lakeward  migration  of  that  reach  between  the  East  Pier  and 
Station  14+OOE,  and  shoreward  migration  between  Stations  14+00E  and  30+00E. 
The  September  1980  shoreline,  recently  plotted,  show  a  moderate  erosion  from 
approximately  Station  12+OOE  to  Station  24+OOE  with  respect  to  the  1973 
shoreline.  Some  accretion  occurred  in  the  area  between  Station  24+OOE  to 
Station  30400E  indicating  a  lakeward  migration  of  the  shoreline.  Figure  5.7 
shows  the  locations  of  the  1948,  1973,  and  1980  shorelines  with  respect  to 
the  harbor  entrance  structures  and  the  chosen  baseline.  There  is  little  net 
change  indicated  for  the  1948-1973  period.  Along  Linwood  Beach,  erosion  is 
evident  on  a  continual  basis  from  1948  to  1980,  except  on  the  easternmost 
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PHOTO  5.5 

Looking  East  toward  Nakomis  Beach  from  Linwood  Beach, 
significant  accretion  occurred  in  Pocket  at  Nakomis  and 
at  East  end  of  Linwood  Beoch.  Berm  width  is  about  60  ft. 
at  sewer  outfall.  Photo  taken  April  1981. 


PHOTO  5.5a 

Looking  West  from  Nakomis  Beach,  photo  shows  more  accretion 
at  Linwood  Beoch  with  about  60  foot  wide  berm  at  sewer 
outfall.  Photo  taken  April  1981. 
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stretches  of  the  beach  where  reversal  is  evident  in  the  1973-1980  period. 
Reversal  of  the  erosional  trend  is  evident  on  Nakomis  where  no  beach  was 
observed  in  1973.  Recent  photographs  taken  at  different  time  intervals  and 
months  in  1981  have  shown  near  complete  recovery  of  the  beach  from  the  East 
Pier  to  Nakomis  Beach.  Field  measurements  of  beach  widths  taken  along  the 
entire  shoreline  shows  a  reorientation  of  the  shoreline  moving  lakeward. 
Nakomis  Beach,  which  was  nonexistent  in  1973,  had  a  40— foot  berm  fronted  by 
20-foot  foreshore  in  May  1981.  Lagoons  Beach  had  an  average  berm  width  of 
170  feet.  The  average  berms  along  Linwood  and  Nakomis  reaches  were  about  130 
and  40  feet,  respectively.  Land-based  photos  also  taken  early  in  April  1981 
shows  that  the  shoreline  reorientation  process  is  continuing,  characterizing 
a  reversal  from  erosion  to  accretion. 

Accretion  of  sand  on  the  east  side  was  one  of  the  characteristics  of  the 
prebreakwater  period.  Long-term  trends  shown  by  the  1948-1973  curve  (Figure 
5.8)  reveal  small  levels  of  accretion  on  the  order  of  1  foot  per  year  along 
Lagoons  Beach.  During  the  1973-1974  transition  period  of  very  high  lake 
levels,  rapid  shoreline  adjustment  to  the  new  structure  became  apparent  as 
the  beach  morphology  adjusted  to  that  structure.  Lagoons  Beach,  protected  by 
the  breakwater,  grew  as  high  lake  levels  and  intense  easterly  storms  drove 
sand  toward  the  west  and  into  the  sheltered  area  behind  the  breakwater. 

During  the  1974-1980  period,  as  lake  levels  fluctuate,  notable  changes  in 
beach  configuration  have  taken  place.  The  accretion  trend  adjacent  to  the 
East  Pier  has  decreased  to  about  one-half  the  prebreakwater  levels.  Reversal 
of  erosional  trend  is  evident  on  Linwood  and  more  so  on  Nakomis  where  no 
beach  was  observed  in  1973.  Figure  5.8  shows  the  erosion  and  accretion  rates 
which  have  occurred  at  each  reach,  along  the  shoreline  throughout  the 
1948-1980  period. 

Throughout  the  history  of  the  harbor  structures,  littoral  material  has  been 
impounded  by  the  East  Pier,  while  a  small  portion  of  the  sediment  has 
“bypassed"  the  harbor  mouth  to  the  shores  to  the  west.  The  influx  of  sand 
due  to  bluff  recession  east  of  the  study  area  probably  began  to  increase  as 
high  lake  levels  caused  shore  protective  works  to  fail  and  thus  accelerated 
bluff  recession.  In  summary,  the  postbreakwater  period  has  experienced  a 
littoral  material  movement  into  the  accumulated  fillet  immediately  east  of 
the  East  Pier  with  resultant  shoreline  change  fluctuations  comparable  to 
those  that  prevailed  over  the  1948-1973  period  of  prebreakwater  construction. 

(2)  Beach  Area _ Changes .  The  characteristic  change  in  beach  con¬ 

figuration  that  preceeded  and  followed  the  construction  of  the  offshore 
breakwater  in  1973  was  accretion  near  the  East  Pier  and  accelerated  erosion 
along  the  central  portion  of  the  study  reach.  Study  of  fluctuations  of  beach 
area  along  the  east  shore  shows  a  total  loss  of  only  0.06  acre  from  the 
system  for  the  1948-1973  period  (see  Table  5.7).  The  total  change  for  each 
time  period  shown  represents  net  gains  or  losses  to  the  system.  Material 
moves  around  the  pier's  ends,  resulting  in  realignment  of  the  various  beaches 
within  the  system  according  to  the  predominant  wave  and  storm  direction 
during  that  time  period.  Over  the  total  1948-1980  period  only  0.09  acre  of 
beach  were  estimated  lost  from  the  system. 
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East  of  the  harbor,  the  western  end  of  the  pocket  beach  at  Lagoons  Beach  was 
highly  variable  in  width,  as  was  its  eastern  end  at  Nakomis.  Storms  from  the 
east  would  drive  sand  toward  the  Lagoons  end  and  increase  movement  of  sand 
around  the  ends  of  the  piers-  Storms  from  the  west  would  drive  sand  from 
Lagoons  toward  Nakomis  with  some  localized  scour  at  the  East  Pier  due  to  wave 
reflection  off  of  the  smooth  stone  pier  face.  Westerly  sand  movement 
dominated,  thus  the  long-term  balanced  condition  favored  a  wider  beach  at 
Lagoons  and  a  narrower  beach  toward  Nakomis.  The  length  of  shore  protected 
by  this  east  shore  fillet  varied  as  sand  was  driven  more  toward  one  end  or 
the  other,  and  as  the  actual  volume  of  the  sand  in  the  fillet  fluctuated  in 
response  to  climatic  variations.  Lake  levels,  storm  activity,  and  private 
shore  protection  works  along  the  downdrift  and  updrift  shores  influence  bluff 
recession  rates  and  the  offshore  sand  movement.  Thus,  they  modify  the  quan¬ 
tity  of  sand  entering  and  leaving  the  shores  adjacent  to  the  harbor. 

Because  of  dense  vegetation  or  too  much  foliage  which  blanket  the  bluffline 
in  new  available  aerial  photos  the  bluff  crest  cannot  be  easily  delineated 
and  therefore  no  new  bluff  analysis  is  presented.  Nevertheless,  any  bluff 
recession  on  this  section  of  beach  is  caused  by  processes  other  than  direct 
wave  impact.  Wave-induced  erosion  may  be  a  contributing  factor  on  the 
eastern  portion  of  Nakomis  Beach,  but  the  shale  bluffs  of  this  area  are 
highly  resistant  to  erosion  with  rates  less  than  1  foot  per  year. 


Table  5.7  -  Beach  Area  Change  (Acres) 


Period 

Lagoons 

Beach 

L in wood 
Beach 

Nakomis 

Beach 

Total 

Change 

1948  - 

-0.94 

+0.21 

+0.81 

+0.08 

1968 

1968  - 

+1.20 

-0.92 

-0.42 

-0.14 

1973 

1973  - 

+1.84 

-1.21 

-0.05 

+0.58 

1974 

1974  - 

+0.11 

-0.42 

+0.07 

-0.24 

1978 

1978  - 

-0.34 

-0.16 

+0.13 

-0.37 

1980 

1948-1981 

)  Change  . 

.  -0.09 

SOURCE:  Appendix  A  of  this  report:  Tetra  Tech  1981  report  on  east  of 
Vermilion  Harbor  shore  and  bluff  changes. 
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FIGURE  5.8 


d.  Impacts  of  the  Breakwater  on  Shoreline  Trends  to  the  East  of  the 
Harbor  Structures  -  One  cannot  rationally  Isolate  the  impacts  of  the  break¬ 
water  on  shore  processes  from  those  of  lake  level  variations  and  storm  activ¬ 
ities  at  the  Vermilion  Harbor.  As  lake  levels  lower,  the  shoreline  change 
rate  slows  and  finally  reverses.  Redistribution  of  beach  material  occurs, 
creating  either  erosion  or  accretion.  Prior  to  completion  of  the  breakwater 
(1971-1973),  high  level  accretion  was  taking  place  adjacent  to  the  East  Pier 
and  all  along  Lagoons  and  the  western  portion  of  Linwood  Beach.  The  eastern 
portion  of  Liwwood  Beach,  and  Nakomis  Beach  were  experiencing  erosion.  The 
accretion  was  evidently  the  result  of  unusual  high  lake  levels  coupled  with 
a  predominant  wave  direction  from  the  northeast.  In  the  1973-1974  period, 
which  included  breakwater  completion,  the  level  of  accretion  along  Lagoons 
Beach  had  doubled  to  a  maximum  rate  of  120  ft/yr  as  Linwood  Beach  suffered 
average  erosion  on  the  order  of  40  ft/yr.  In  this  timeframe,  the  effect  of 
the  high  water  and  dominance  of  waves  from  the  northeast  has  been  westerly 
movement  of  nearshore  sediment  to  the  lee  of  the  breakwater  causing  rapid 
beach  growth  adjacent  to  the  east  harbor  pier  and  along  Lagoons  Beach. 

In  the  1974-1977  and  1977-1979  time  periods,  recovery  began  to  take  place  on 
Linwood  and  Nakomis  Beaches  with  the  Lagoons  Beach  area  fillet  accreting 
slightly  in  1974-1977  but  eroding  in  1977  to  1979.  In  the  1979-1980  time 
period,  Che  entire  stretch  of  Lagoons  Beach  is  shown  eroding,  and  the  central 
and  eastern  Linwood  and  Nakomis  Beaches  accreting  well.  Apparently  in  the 
period  1977  to  1980  (especially  1979  to  1980)  the  predominant  wave  direction 
has  shifted  to  the  northwest  helping  to  redistribute  beach  materials  to  the 
east.  Redistribution  of  materials  accumulated  adjacent  to  the  East  Pier  is 
affected  by  the  presence  of  the  breakwater  in  shielding  this  area  from  north¬ 
west  waves.  The  trends  from  the  1977-1980  period  (Figure  5.5)  further 
suggest  that  shoreline  fluctuations  during  this  period  are  comparable  to 
those  that  prevailed  over  the  1948-1973  period. 

For  the  1948-1980  period,  the  total  surface  area  change  in  the  Lagoons- 
Linwood-Nakomis  Beach  area  equals  -0.09  acre  (Table  5.7),  indicating  little 
long-term  net  change  in  sand  volume  to  the  v  jcket  beach  as  a  result  of  high 
lake  level  and  the  breakwater  construction.  Most  of  the  beach  movement  is 
a  result  of  reorientation  of  various  beaches  within  the  system  according  to 
the  predominant  wave  and  storm  direction  during  that  time  period. 

The  imbalance  due  to  the  sheltering  of  the  Lagoons  Beach  has  proved  to  be 
temporary,  since  the  sheltered  area  has  stabilized  to  existing  conditions. 
Once  "filled,"  westerly  movement  into  the  trap  is  reduced  as  the  stable  beach 
provides  a  base  against  which  additional  beach  material  can  collect  building 
a  longer,  broader,  oscillating  fillet.  The  salient  behind  the  breakwater  has 
become  the  stable  west  end  of  an  oscillating  Linwood-Nakorais  Beach  complex. 

Within  the  7  or  8  years  since  breakwater  construction,  the  natural  littoral 
influx  from  the  east  has  apparently  mitigated  the  immediate  breakwater 
impacts.  The  temporary  imbalance  is  quickly  being  corrected  as  high  lake 
levels  accelerate  bluff  recession,  releasing  greater  than  normal  quantities 
of  sand  to  the  littoral  system.  The  increased  littoral  load  entering  the 
Linwood-Nakomis  Beach  complex  from  the  east  is  replacing  the  losses  into  the 
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breakwater  salient.  The  sheltered  Lagoons  Beach  has  built  out  to  an  apparent 
maximum  width.  Since  it  has  stayed  remarkably  stable  over  the  past  few 
years,  and  since  various  sampling  programs  have  revealed  only  minor  losses  of 
littoral  sands  to  the  harbor  entrance  channel,  the  assumption  is  that  the 
salient  now  appears  to  be  filled  and  therefore  balanced. 

e.  Summary  of  Conclusions  Reached  by  Tetra  Tech  Regarding  Effect  of 
Breakwater  on  Easterly  Shoreline  -  The  shoreline  east  of  the  Vermilion  Harbor 
has  experienced  significant  changes  over  the  32-year  study  period  during  both 
pre  and  postbreakwater  construction.  Analyses  of  available  data  show  a  trend 
towards  shoreline  accretion  along  the  beaches  east  of  the  harbor  structures. 
Short-term  trend  comparison  of  the  pre  vs.  postbreakwater  periods  indicated 
that  the  growth  of  the  fillet  adjacent  to  the  East  Pier  during  the  years 
immediately  before  and  just  after  breakwater  construction  had  stopped  and 
erosion  was  evident  in  the  most  recent  series  of  photographic  comparisons 
(see  Photos  5.11  to  5.14).  The  eastern  reaches  of  Linwood  and  the  Nakomls 
Beaches  were  accreting  in  the  1977-1980  period  indicating  a  possible  west  to 
east  redistribution  of  beach  material  from  the  Lagoons  segment  during  this 
period. 

The  beaches  to  the  east  will  continue  to  experience  fluctuations  of  the 
shoreline  with  negligible  net  erosion  or  accretion  in  the  long-term.  As  sum¬ 
marized  in  the  1981  Tetra  Tech  Report  (Appendix  A  of  this  report),  ".  .  .  the 
aerial  photo  coverage  and  the  field  survey  data  show  that  for  the  Lagoons- 
Linwood-Nakomls  segments  the  trend  of  the  shoreline  before  breakwater  con¬ 
struction  was  that  of  slight  accretion  in  the  Lagoons,  1  to  2  feet  per  year 
recession  for  Linwood,  and  zero  to  1-foot  per  year  recession  for  the  Nakomis 
segment.  During  and  immediately  after  breakwater  construction,  there  was 
substantial  shoreline  accretion  in  the  Lagoons  sector  and  increased  recession 
in  the  Linwood  and  Nakomis  segments.  This  postbreakwater  trend  of  increased 
shoreline  accretion  for  Lagoons  and  increased  recession  for  Linwood  and 
Nakomis  progressively  reduced  and  the  data  for  the  period  1977  to  1980  indi¬ 
cate  the  fluctuations  and  trend  of  the  shoreline  in  the  three  segments  are 
comparable  to  that  shown  for  the  prebreakwater  period.  This  further  indicates 
that  the  influence  of  the  breakwater  on  the  fluctuations  and  trends  of  the 
shoreline  east  of  the  East  Pier  have  been  minimal  since  1977.” 

These  conclusions  reached  by  Tetra  Tech  regarding  the  effect  of  the  break¬ 
water  on  the  easterly  shoreline,  clearly  indicate  the  insignificance  of  that 
structure's  influence  on  the  shore  processes  at  the  Vermilion  Harbor  during 
the  1948-1980  study  period. 
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PHOTO  5. 1  I 


PHOTO  5.  I  2 

LAGOONS  AND  VERMILION  CITY  BEACHES  ACCRETED  AT  THE  EX 
NAKOMIS  BEACH  WAS  STILL  N  ON  -  E  X  I S  T  A  NT .  AERIAL  PHOT 


PHOTO  5.  I  2 

BEACHES  ACCRETED  AT  THE  EXPENSE  OF  LINWOOD  BEACH. 
NON-EXISTANT.  AERIAL  PHOTO  TAKEN  23  APRIL  1980. 


PHOTO  5.  I  3 

REORIENTATION  PROCESS  CONTINUED  WITH  SOME  A 
NAKOMIS  BEACH  REAPPEARED  FOR  THE  FIR: 

AERIAL  PHOTO  TAKEN  8  SEPTET 


PHOTO  5.  I  3 

CONTINUED  WITH  SOME  ACCRETION  AT  LINWOOD  BEACH: 
E APPEARED  FOR  THE  FIRST  TIME  SINCE  1973. 

.  PHOTO  TAKEN  8  SEPTEMBER  1980. 
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PHOTO  5.14 

ON  PROCESS  WHICH  CHARACTERIZES  A  REVERSAL  OF  THE  TRENDS 
!G  ACCRETION.  AERIAL  PHOTO  TAKEN  2  I  APRIL  1981. 


SECTION  VI 
CONCLUSIONS 


Overview 


Since  construction  of  the  detached  breakwater  in  1973,  several  studies  have 
been  conducted  to  determine  the  effect  that  the  Vermilion  Harbor  navigation 
structures  have  had  on  the  contiguous  shoreline.  The  purpose  of  these  stud¬ 
ies  was  to  establish  whether  or  not  mitigation  of  any  shoreline  damages 
caused  by  the  harbor  structures  is  warranted  under  the  feasibility  criteria 
for  Section  111  implementation.  Those  studies  were  conducted,  for  the  most 
part,  by  private  consulting  firms  under  contract  with  the  Buffalo  District. 
Stanley  Consultants  conducted  and  completed  the  Stage  2  Study  of  the  effect 
of  the  breakwater  on  the  shoreline  to  the  east  of  the  harbor  in  May  1978.  In 
order  to  refine  the  preliminary  finding  of  the  May  1978  report  on  shoreline 
conditions  east  of  the  harbor,  further  study  was  performed  by  Tetra  Tech 
Inc.,  and  completed  in  July  1981.  Tetra  Tech  also  completed  in  July  1980  a 
study  of  the  shores  to  the  west  of  the  harbor  to  determine  the  extent  of 
shoreline  erosion  and  damages  caused  by  the  Federal  navigation  structures; 
and  presented  preliminary  design  and  cost  estimates  for  alternative 
mitigation  plans. 

a.  Stanley  Consultants  May  1978  Report  -  The  Stanley  Consultants 
investigation  was  to  determine  the  extent  of  shore  damages,  if  any,  attribut¬ 
able  to  the  navigation  structure,  and  recommend  whether  consideration  of 
mitigation  measures  is  warranted.  Regarding  the  impacts  of  that  structure  on 
shoreline  processes,  they  concluded  that  "the  offshore  breakwater  constructed 
in  1973  has  contributed  significantly  to  shoreline  reorientation  at 
Vermilion;  and  that  the  reorientation  is  characterized  by  accretion  near  the 
piers  and  erosion  at  Linwood  and  Nakomis  Beaches.  However,  the  shoreline  is 
approaching  equilibrium  and  no  further  significant  shifts  due  to  the  break¬ 
water  are  anticipated."  On  that  basis,  they  recommended  that  no  further  con¬ 
sideration  of  mitigation  for  beach  erosion  is  required,  assuming  the  beach  is 
acceptable  in  its  present  state  of  equilibrium. 

From  this  preliminary  analysis  by  Stanley,  the  District  concluded  that  miti¬ 
gation  of  the  loss  of  beach  at  Linwood  should  be  undertaken  and  therefore 
recommended  that  further  detailed  investigation  be  undertaken. 

b.  Tetra  Tech  July  1981  Report  -  The  Tetra  Tech  followup  investigation 
was  to  reevaluate  the  need  for  mitigation  of  shoreline  damages  to  the  east  of 
the  harbor  based  on  beach  observation  since  1978  which  indicated  that  signif¬ 
icant  accretion  was  occurring  at  the  eastern  end  of  Linwood  Beach  and  Nakomis 
Beach.  Based  on  results  of  their  investigation  they  commented  that  the 
shoreline  east  of  Vermilion  Harbor  has  experienced  significant  changes  over 
the  32-year  study  period  during  both  pre  and  postbreakwater  construction;  and 
that  the  beaches  to  the  east  will  continue  to  experience  fluctuations  of  the 
shoreline  with  negligible  net  erosion  or  accretion  in  the  long-term.  The 
postbreakwater  trend  progressively  reduced  and  the  data  for  the  period  1977 
to  1980  indicate  that  the  fluctuations  and  trend  of  the  shoreline  in  the 
three  segments  are  comparable  to  that  shown  for  the  prebreakwater  period. 

The  District's  recoramendation(s)  on  shoreline  mitigation  action  will  be 
greatly  influenced  by  the  results  of  the  final  Tetra  Tech  1981  investigation. 
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c.  Tetra  Tech  1980  Report  -  In  the  summer  of  1979,  Tetra  Tech  studied 
the  shoreline  to  the  west  of  the  harbor  structures  to  determine  the  amount  of 
shoreline  damages  attributable  to  the  navigation  structure,  prepare  prelimi¬ 
nary  designs  and  cost  estimates  for  a  range  of  alternative  mitigation  plans, 
determine  if  mitigation  of  shoreline  damages  are  economically  justified  and 
recommend  the  appropriate  plan  of  action.  Based  on  the  analysis  performed, 
Tetra  Tech  concluded  that  bluff  erosion  to  the  west  of  the  harbor  has  been 
aggravated  by  the  harbor  piers  and  subsequent  armoring  of  the  adjacent  shore¬ 
line  (bluff  recession  rate  ■  1.4  feet/year  producing  total  annual  damages  of 
$22,770).  Approximately  29  percent  of  the  erosion  is  attributable  to  the 
harbor  structures,  specifically  the  harbor  piers  constructed  in  1837.  They 
concluded  that  none  of  the  structural  alternatives  are  economically  feasible. 
In  reviewing  the  benefit  categories,  they  noted  that,  because  of  beach 
construction,  recreation  was  the  predominant  benefit  category.  They  then 
recommended  that  "no-action"  be  taken  under  Section  111  to  mitigate  the 
ongoing  erosion  that  has  been  induced  by  the  harbor  structures  at  Vermilion. 
The  District  concludes  that  the  conclusions  reached  regarding  shoreline  ero¬ 
sion  rates  and  shoreline  damage  to  the  west  for  both  the  pre  and  postharbor 
project  conditions  are  reasonable.  The  benefit  analysis  has  been  revised  to 
meet  Corps  standards  (see  Economic  Reevaluation,  Attachment  1  to  Appendix  B). 
Inclusion  of  these  benefits  however,  has  not  changed  the  economic  efficiency 
of  the  plans  investigated  to  any  significant  degree. 

Buffalo  District's  Conclusions 


Based  on  results  of  the  investigative  studies  presented  in  this  report, 
regarding  alleged  shore  damages  attributed  to  the  U.S.  breakwater  at  the 
Vermilion  Harbor,  the  Buffalo  District  concludes  the  following: 

a.  The  post-breakwater  trend  of  increased  shoreline  accretion  indicates 
that  the  influence  of  the  structure  on  fluctuations  and  trends  of  the  shore¬ 
line  east  of  the  East  Pier  have  been  minimal  since  1977.  It  reflects  an 
overall  decrease  in  recession  rate  mainly  caused  by  shore-protective  struc¬ 
tures  built  along  the  Vermilion  reach  on  the  south  shore  of  Lake  Erie. 

b.  The  presence  of  the  breakwater  has  simply  contributed  to  a  process 
which  has  long  existed  before  the  1973  harbor  improvement  works.  Its  effects 
are  minimal  in  comparison  to  all  of  the  other  factors  involved. 

c.  No  long-term  loss  of  recreational  usage  on  both  public  and  private 
beaches  is  anticipated.  Therefore,  any  past  or  future  loss  of  recreational 
usage  is  only  temporary  in  nature,  and  disappears  as  the  process  reverses 
itself. 


d.  The  long-term  trend  in  the  unfortified  bluffs  of  the  study  reach  is 
clearly  one  of  erosion;  but  the  quantification  of  these  losses  must  be  based 
on  consideration  of  erosion  rates  of  less  than  1  foot  per  year.  Therefore, 
no  major  erosion-induced  property  loss  is  foreseen. 
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e.  Area  aesthetics,  community  well-being,  and  local  residents’  "peace 
of  mind"  are  not  threatened  by  any  persistent  continuing  shore  erosion 
attributable  to  the  navigation  structure. 

f.  The  interceptor  sewer  outfall  at  Linwood  Beach  is  and  will  be  pro¬ 
tected  by  the  continued  growth  of  the  beaches  to  the  east  which  act  as  an 
adequate  buffer  zone  preventing  any  wave-induced  bluff  recession.  These 
beaches  have  not  been  found  subject  to  any  permanent  state  of  erosion  because 
of  the  U.S.  breakwater. 

g.  The  breakwater  did  undoubtedly  impose  some  immediate  adverse  impacts 
on  the  study  area,  but  it  is  beyond  the  state-of-the-art  or  details  of  the 
existing  data  record  to  isolate  these  impacts  of  the  breakwater  from  those 
caused  by  the  extraordinary  lake  conditions  of  the  early  1970's. 

h.  The  initial  breakwater  impacts  associated  with  high  lake  levels  were 
temporary  and  are  naturally  abating  toward  future  conditions  which  are  fore¬ 
seen  with  no  significant  adverse  impacts.  The  Lagoons  Beach  is  stabilizing 
as  a  wider  than  the  pre-1973  beach.  The  Linwood-Nakomis  Beaches  will  con¬ 
tinue  to  fluctuate  as  they  did  prior  to  1973  with  some  evidence  that  they 
will  eventually  adjust  to  a  slightly  larger  volume  beach  because  of  the 
increased  trapping  of  the  east-to-west  littoral  load. 

i.  The  history  of  shore  recession  in  the  Vermilion  area  bears  witness  of 
past  and  present  accretion  and  erosional  trends  which  suggest  no  alarming 
future  conditions.  It  does  clearly  indicate  a  continuing  process,  one  which 
is  recurrent,  cyclic  in  nature,  and  as  normal  as  day  and  night. 
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SECTION  VII 
RECOMMENDATIONS 


l 


Recommendation 


Ill  Tf  !b°r  entrance  structures  under  the  authority  of  Section 

111  of  the  River  and  Harbor  Act  of  1968  (PL  90-483).  y  °" 


ROBERT  R.  HARDIMAN 
Colonel,  Corps  of  Engineers 
District  Engineer 


SECTION  VIII 

TERMINATION  OF  THE  DPR 


Termination  Action 

The  North  Central  Division  approved  this  Detailed  Project  Report  and  so 
notified  by  letter  dated  15  October  1982,  the  Office,  Chief  of  Engineers  of 
the  decision  to  terminate  the  studies. 


90 


VERMILION  HARBOR,  OHIO 

DETAILED  PROJECT  REPORT 
ON  SECTION  111 

SHORE  EROSION  STUDY 

STAGE  3  DOCUMENTATION 


APPENDICES 


U.S.  ARMY  CORPS  OF  ENGINEERS 
BUFFALO  DISTRICT 
1776  N I AGARA  STRE  ET 
BUFFALO,  NEW  YORK  14207 


September  1982 


VERMILION  HARBOR,  OHIO 

DETAILED  PROJECT  REPORT 
ON  SECTION  111 

SHORE  EROSION  STUDY 

STAGE  3  DOCUMENTATION 


SUMMARY  EVALUATION 
OF  HISTORICAL  SHORE  AND  BLUFF 
EAST  OF  HARBOR 

U.S.  ARMY  CORPS  OF  ENGINEERS 
BUFFALO  DISTRICT 
1776  NIAGARA  STREET 
BUFFALO,  NEW  YORK  14207 


September  1982 


TC  3391-02 
JULY  1981 


FINAL  REPORT 

SUMMARY  EVALUATION 
HISTORICAL  SHORE  AND  BLUFF 
CHANGES 

EAST  OF  VERMILION  HARBOR,  OHIO 


PREPARED  FOR 

UNITED  STATES  ARMY 
CORPS  OF  ENGINEERS 
BUFFALO  DISTRICT 


TABLE  OF  CONTENTS 


PAGE 


LIST  OF  FIGURES  ii 

LIST  OF  TABLES  iii 

1.0  THE  STUDY  1 

1.1  Introduction  1 

1.2  Purpose  2 

1.3  Location  and  Description  2 

1.4  Prior  Studies  5 

2.0  EXISTING  CONDITIONS  7 

2.1  Lake  Erie  Water  Levels  7 

2.2  Bathymetric  Changes  7 

2.2.1  Stanley  Consultants  Data  9 

2.2.2  Corps  of  Engineers  Data  13 

3.0  RESULTS  OF  AERIAL  PHOTO  ANALYSIS  17 

3.1  Specific  Photo  Coverage  17 

3.2  Specific  Baseline  Layout  17 

3.3  Shoreline  Positions  20 

3.4  Shoreline  Change  Rates  23 

3.4.1  Shoreline  Change  Rates  for 

Consecutive  Time  Periods  23 

3.5  Extreme  Shoreline  Positions  33 

3.6  Extreme  Shoreline  Change  Rates  33 

3.7  Long-Term  Shoreline  Comparisons  36 

3.7.1  Pre  vs  Post  Breakwater  Comparisons  36 

3.7.2  Long-Term  Comparisons  36 

3.8  Beach  Area  Changes  38 

3.9  Bluff  Change  Analysis  40 

4.0  SHORELINE  TRENDS  COMPARISON  41 

4.1  Volumetric  Survey  vs  Aerial  Photographic 

Survey  41 

4.2  Impact  of  the  Breakwater  on  Shoreline 

Trends  46 

5.0  SUMMARY  EVALUATION  49 

5.1  Future  Prediction  of  Shoreline  Trends  49 

5 . 2  Summary  50 

6.0  APPENDICES 

Appendix  A  52 

Appendix  B  57 

Apoendix  C  62 

Appendix  P 


LIST  OF  FIGURES 


FIGURE 

1.3.1  Study  Area  Vermilion  Harbor,  Ohio 

2.1.1  Hydrograph  of  Monthly  Mean  Levels  of  Lake  Erie 

1950-1980 

2.2.1  Profile  Lines,  Bathymetric  Change  Analysis 

2.2.2  Nearshore  Volumetric  Change,  Vermilion,  Ohio 

2.2.3  Long-Term  Volumetric  Change,  Vermilion,  Ohio 

3.2.1  Baseline  and  Profile  Layout 

3.3.1  Shoreline  Locations  East  of  Vermilion  Harbor 

3.4.1  Shoreline  Change  Rates  (1948-50  and  1950-58) 

3.4.2  Shoreline  Change  Rates  (1958-64  and  1964-68) 

3.4.3  Shoreline  Change  Rates  (1968-71  and  1971-73) 

3.4.4  Shoreline  Change  Rates  (1973-74) 

3.4.5  Shoreline  Change  Rates  (1974-77  and  1977-78) 

3.4.6  Shoreline  Change  Rates  (1978-79  and  1979-80) 

3.5.1  Shoreline  Position  Extremes  Pre  and  Post  Periods 

3.6.1  Extreme  Shoreline  Change  Rates 

3.7.1  Shoreline  Change  Rate  (1948-73  vs  1948-80) 

4.1.1  Shoreline  Trends  Comparison  (1968-71  &  1971-73) 

4.1.2  Shoreline  Trends  Comparison  (1973-74  &  1974-77) 

4.1.3  Shoreline  Trends  Comparison  (1977-79  &  1979-80) 


i  i 


»  ar  *  *■  -» 


✓ 


4 


PAGE 

4 

8 

10 

11 

14 

19 

22 

25 

26 
27 

29 

30 
32 

34 

35 
37 
43 
45 
47 


LIST  OF  TABLES 


TABLE  PAGE 

1  Aerial  Photograph  Listing  18 

2  Beach  Area  Changes  (Acres)  39 


iii 


~r 


r 


1.0 


THE  STUDY 


1.1  INTRODUCTION 

The  Federal  Government  initially  authorized  the  construction  of 
harbor  improvements  at  Vermilion,  Ohio,  in  1836.  The  purpose 
of  the  first  harbor  structures  was  to  transform  the  harbor  from 
a  shallow,  limited-use  facility  to  a  major  port  on  Lake  Erie  de¬ 
voted  to  the  promotion  of  regional  commerce  and  trade. 

With  limited  development  as  a  primary  lake  port,  the  main  focus 
of  the  harbor  users  became  the  pursuit  of  recreational  boating 
and  commercial  fishing.  The  most  recent  harbor  improvement  was 
completed  in  1973  and  consists  of  an  864-foot  long  detached  break¬ 
water  located  300  feet  north  of  the  harbor  entrance  piers.  In 
addition,  the  entrance  channels  to  the  harbor  were  widened  and 
deepened  at  that  time. 

Following  the  completion  of  the  breakwater  construction,  local 
citizens  expressed  the  belief  that  the  detached  breakwater  altered 
the  shoreline  east  of  the  east  pier  significantly  and  through  the 
Ohio  Department  of  Natural  Resources,  requested  the  Corps  of 
Engineers,  Buffalo  District,  to  investigate  the  problem  under  the 
authority  of  Section  111  of  Public  Law  90-483.  The  Buffalo  District 
completed  a  Reconnaissance  Study  Report  (stage  1  of  the  three 
stage  Section  111  investigation  procedure)  in  January,  1976.  The 
findings  and  recommendations  of  the  Reconnaissance  Study  Report 
indicated  that  a  detailed  study  should  be  made  (Stage  2  of  the 
Section  111  procedure)  to  quantify  any  damages  and  investigate 
alternatives  that  would  solve  the  problem.  This  was  performed 
and  presented  in  the  Stage  2  Detailed  Project  Report  (DPR) ,  com¬ 
pleted  in  May,  1978. 

The  Stage  2  study  concluded  that,  although  the  breakwater  had 
contributed  significantly  to  shoreline  reorientation  east  of  the 
Vermilion  Harbor  Piers,  the  shoreline  appeared  to  be  approaching 
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equilibrium  and  no  further  shifts  due  to  the  breakwater  were 
anticipated . 

In  September  1980  further  study  was  undertaken  to  identify  present 
as  well  as  historical  changes  in  the  shoreline  east  of  Vermilion  s 

Harbor.  Aerial  photographic  analysis  revealed  that  in  the  period  < 

1977  to  1979  some  measure  of  recovery  was  underway  at  previously 
eroding  Linwood  Beach  with  promise  of  recovery  at  Nakomis  Beach. 


1.2  PURPOSE 


Using  computer  supported  aerial  photo  analysis  techniques,  this 
study  seeks  to  document  historical  shore  and  bluffline  changes 
east  of  the  Vermilion  Harbor  piers.  The  photographic  analysis 
will  augment  the  previous  analysis  presented  in  the  September 
1980  report  providing  more  comprehensive  coverage  during  the 
periods  pre  and  post-breakwater  construction  in  1973  and  1974. 

In  addition,  1980  aerial  photographs  will  be  evaluated  to  update 
trends  reported  in  the  earlier  study  for  the  post-breakwater  recovery 
period. 


Survey  volume  trends  reported  in  the  May  1978  Stage  2  report 
and  from  recent  surveys  by  the  Corps  of  Engineers  in  June  1979 
and  August  1980  will  be  compared  with  trends  identified  by  aerial 
photo  analysis.  These  comparisons  will  facilitate  the  documenta¬ 
tion  of  historical  changes  of  the  Lagoons,  Linwood  and  Nakomis 
Eeach  system  and  provide  a  basis  for  determining  the  impacts  of 
the  breakwater  on  shoreline  configuration. 

1.3  LOCATION  AND  DESCRIPTION 

Vermilion  Harbor,  located  at  the  mouth  of  the  Vermilion  River  in 
Erie  County,  Ohio,  is  about  37  miles  (by  water)  west  of  Cleveland, 
Ohio,  as  shown  in  Figure  1.3.1.  Vermilion  Harbor  is  comprised 
of  east  and  west  approach  channels,  the  lower  3,600  feet  of  the 
Vermilion  River,  and  four  artificial  lagoons.  A  detached  break¬ 
water  built  in  1973  by  the  Federal  government  shelters  the  approach 
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channels  during  moderately  fresh  wind  and  wave  conditions  and 
reduces  wave  and  surge  action  in  the  harbor.  The  lagoons,  con¬ 
structed  on  the  east  side  of  the  river  by  private  interests, 
have  depths  averaging  about  4  feet  below  the  Lake  Erie  Low  VJater 
Datum  elevation  of  568.6  feet  on  the  International  Great  Lakes 
Datum  of  1955. 

Until  the  Federal  government  constructed  two  jetties  at  the  mouth 
of  the  Vermilion  River  in  1836,  less  than  two  feet  of  water 
existed  over  the  bar  at  the  Vermilion  River  mouth.  The  original 
jetties  extended  from  each  side  of  the  river  mouth  lakeward  to 
a  depth  of  10  feet.  The  distance  between  these  parallel  piers 
is  125  feet.  The  piers  were  composed  of  stone-filled  timber 
cribs,  each  about  16  feet  wide  and  30  feet  long  with  the  top 
height  of  the  cribs  about  five  feet  above  Low  Water  Datum. 

The  Rivers  and  Harbors  Act  of  1875  authorized  an  increase  in 
the  Vermilion  Harbor  channel  depth  to  12  feet,  extending  from 
the  12-foot  lake  contour  upstream  for  a  distance  of  about  1,335 
feet  from  the  outer  end  of  the  entrance  piers.  The  extensions 
increased  the  length  of  the  east  jetty  to  1,075  feet  and  that 
of  the  west  jetty  to  1,125  feet.  The  pier  construction  and 
channel  deepening  was  completed  in  1878  except  for  a  small  rock 
area  near  the  inner  limits  of  the  entrance  channel. 

The  position  of  the  lakeward  ends  of  the  jetties  has  not  changed 
since  1878  except  for  minor  alterations  during  pierhead  recon¬ 
struction.  The  Federal  government  has  made  frequent  and  extensive 
repairs  to  both  piers.  Between  1907  and  1914,  the  entire  timber 
superstructure  was  rehabilitated  with  heavy  stone.  In  1964,  the 
elevation  of  the  piers  was  raised  from  6.2  to  6.5'  above  L.W.D. 

To  provide  safer  entrance  conditions  at  Vermilion  and  to  improve 
an  access  channel  to  the  expanding  harbor  facilities  further 
upstream,  the  Rivers  and  Harbors  Act  of  1958  authorized  construc¬ 
tion  of  overlapping  "arrowhead"  breakwaters  at  a  distance  of  about 
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500  feet  lakeward  of  the  outer  end  of  the  east  pier.  The  Act 
also  authorized  the  extension  of  the  8-foot  river  channel  further 
upstream.  A  model  study  of  the  proposed  breakwater  system  was 
completed  in  1969.  The  study,  limited  to  investigating  the 
effects  of  various  structures  on  wave  action,  showed  that  the 
arrowhead  breakwater  plan  did  not  provide  sufficient  wave  pro¬ 
tection  for  use  of  the  harbor  during  all  ice-free  seasons.  A 
single  breakwater,  located  parallel  to  shore  and  about  300  feet 
lakeward  of  the  outer  end  of  the  east  pier,  was  selected  as  a 
more  effective  and  economical  alternative.  In  19" 3,  the  Federal 
government  constructed  the  breakwater,  a  "T"  type  cellular  struc¬ 
ture,  ana  extended  the  federally-maintained  river  channel  to  a 
point  3,600  feet  upstream  from  the  east  entrance  pier. 

1.4  PRIOR  STUDIES 

In  the  early  1950's  the  entire  Lake  Erie  shoreline  of  Ohio 
was  evaluated  to  determine  significant  erosion  problem  areas. 

This  study,  presented  as  House  Documents  32  and  229  of  the  83rd 
Congress  (1952-1953),  presented  a  qualitative  description  of 
shoreline  erosion  in  the  Vermilion  area. 

In  1964,  a  report  entitled  "Effects  of  Large  Structures  on  the 
Ohio  Shore  of  Lake  Erie"  was  prepared  by  the  Ohio  Department  of 
Natural  Resources.  This  report  briefly  details  the  success  of  the 
parallel  jetties  in  trapping  a  sandy  beach  east  of  the  harbor  for 
a  distance  of  approximately  3,000  feet. 

A  model  study  in  1969  of  the  proposed  arrowhead  breakwater  system 
led  to  the  selection  of  a  "T"  type  cellular  breakwater  parallel 
to  shore  due  to  wave  considerations  at  the  harbor  entrance. 

Due  primarily  to  a  public  outcry  concerning  shore  erosion  to  the 
east  of  Vermilion  Harbor,  a  Reconnaissance  Level  Study  under  the 
authority  of  Section  111  of  Public  Law  90-483  was  completed  by 
the  Corps'  Buffalo  District  in  January,  1976.  Stage  2  of  the  three 
stage  Section  111  procedure  was  initiated  as  a  result  of  this 
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reconnaissance  level  report.  Stanley  Consultants  prepared  this 
Stage  2  report  "Study  of  the  Impact  of  the  Federal  Navigation 
Structures  on  Shoreline  Processes"  in  May  1978  dealing  principally 
with  the  shoreline  to  the  east  of  Vermilion  Harbor. 

In  July  1980  a  further  Stage  2  study  on  shores  to  the  west  of 
Vermilion  Harbor,  Ohio  was  completed  by  Tetra  Tech,  Inc.  "The 
Impact  of  Federal  Navigation  Structures  on  Shoreline  Processes, 
Vermilion  Harbor,  Ohio"  determined  the  extent  of  shoreline  erosion 
and  damages  to  the  west  of  the  piers  caused  by  the  Federal 
navigation  works  and  presented  preliminary  designs  and  cost 
estimates  for  mitigation  alternatives. 

In  order  to  augment  the  preliminary  finding  of  the  May  1978  report 
on  shoreline  conditions  east  of  Vermilion  Harbor,  a  study  was 
completed  by  Tetra  Tech,  Inc  in  September  1980  using  sophisticated 
aerial  photographic  analysis  of  6  photograph  sets  covering  the 
period  1950  through  1979.  Trends  indicated  in  that  study  provided 
the  basis  for  continued  analysis  to  be  performed  under  this  study. 
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2.0  EXISTING  CONDITIONS 

2.1  LAKE  ERIE  WATER  LEVELS 

An  integral  part  of  any  analysis  of  shoreline  changes  on  Lake 
Erie  requires  prior  knowledge  on  the  variability  of  lake  level 
during  the  study  period.  Figure  2.1.1  shows  the  monthly  average 
lake  level  variation  from  1950  through  June  of  1980;  the  period 
of  study  in  this  report.  The  date  of  each  aerial  photograph 
(except  March  1948)  used  in  this  and  the  previous  analysis  is 
shown  on  the  hydrograph.  Also  shown  is  the  date  of  bathymetric 
surveys  conducted  by  the  Corps  of  Engineers  which  will  be  used 
to  contrast  volumetric  trends  of  shoreline  change  to  shoreline 
recession  trends  revealed  by  the  aerial  photographs. 

The  lake  level  that  exists  between  two  photographs  or  surveys 
plays  a  large  part  in  the  beach  changes  that  occur  in  the  in¬ 
tervening  period.  High  lake  levels  cause  wave  impact  to  strike 
at  higher  beach  elevations  and  thus  induce  major  erosion.  Low 
lake  levels  will  cause  wave  energy  to  dissipate  at  more  lakeward 
positions  and  cause  corresponding  lower  levels  of  erosion  or 
redistribution  of  beach  material  causing  localized  accretion. 

It  will  be  useful  to  refer  to  Figure  2.1.1  when  the  results  of 
the  photo  and  volumetric  analyses  are  presented  in  order  to 
understand  the  extent  to  which  the  lake  level  contributes  to 
beach  reorientation.  See  Section  3.3  for  a  discussion  of  lake 
level  adjustments  needed  to  compare  various  surveys  and  aerial 
photographs  from  a  common  reference  datum. 

2 . 2  BATHYMETRIC  CHANGES 

Volumetric  change  data  was  supplied  as  government  furnished 
information  to  be  used  in  this  study  in  contrast  to  the  findings 
of  aerial  photographic  survey  data.  The  volumetric  data  is  ob¬ 
tained  by  comparing  successive  bathymetric  surveys  at  specific 
profiles  along  the  shoreline  in  question  to  determine  the  erosion 
(or  accretion)  in  cubic  yards  per  year  from  a  point  on  the  berm 
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above  the  low  water  datum  to  an  arbitrary  depth  below  LWD  assumed 
to  be  the  seaward  limit  of  transport  (point  at  which  two  successive 
profiles  coincide) . 

2.2.1  STANLEY  CONSULTANTS  DATA 

In  their  May  1978  Stage  2  Section  111  Study  on  the  impact  of 
the  federal  navigation  structures,  Stanley  Consultants  compiled 
bathymetric  data  to  analyze  the  nearshore  change  in  the  bottom 
profiles  to  the  east  of  Vermilion  Harbor.  The  location  of  the 
individual  profile  lines  used  in  Stanley  Consultant's  comparison 
is  shown  in  Figure  2.2.1.  The  volumetric  change  in  the  nearshore 
zone  follows  in  Figure  2.2.2  for  various  time  intervals  from 
1968  to  1977  both  before  and  after  the  breakwater  construction 
of  1973. 

The  data  shows  that  during  the  period  1968  to  1971,  a  general 
erosional  trend  existed  from  the  harbor  east  pier  to  the  eastern 
edge  of  Linwood  beach.  The  erosion  on  Lagoons  Beach  was  generally 
less  severe  than  on  Linwood,  but  in  no  instance  did  the  yearly 
rate  exceed  700  cubic  yards/yr.  On  Nakomis  Beach  (approx, 
station  28  to  38)  an  accretional  trend  is  evident  varying  from 
150  cy/yr.  at  sta  28  to  550  cy/yr  at  sta  32  to  900  cy/yr  at 
sta  36  (off  graph) . 

This  trend  of  erosion  adjacent  to  the  east  pier  was  radically 
changed  during  the  1971-1973  period.  Updrift  erosion  on 
Linwood  and  Nakomis  Beaches  from  Station  20  east  was  caused  by 
the  increasing  lake  levels  (see  figure  2.1.1)  of  that  period. 

The  Lagoons  and  western  most  reaches  of  Linwood  Beach  benefited 
from  this  updrift  erosion  showing  major  profile  accretion  directly 
east  of  the  east  pier.  The  largest  estimated  accretion  of 
7500  cy/yr  occurred  at  station  4  whereas  the  largest  estimated 
erosion  of  4300  cy/yr  occurred  at  station  30.  Note  that  this 
occurrence  of  significant  accretion  at  the  east  pier  began  prior 
to  the  construction  of  the  offshore  breakwater  and  can  be  attri- 
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Figure  2.2.1 

PROFILE  LINES,  BATHYMETRIC  CHANGE  ANALYSIS 


1968-1971  1971-1973  1973-1974  1974-1977  1977-1979  1979- 


buted  to  high  lake  levels  and  predominance  of  storms  from  the  north 
through  easterly  directions  during  that  period. 

The  1973-1974  period  ran  from  April  1973  thru  July  1974.  Since 
the  offshore  breakwater  construction  was  begun  in  the  summer  of 
1973  and  was  completed  in  December  1973  this  period  includes  pre, 
during,  and  post-breakwater  influences.  Therefore  the  1973-74 
comparisons  will  be  considered  as  a  transition  period. 

The  data  for  this  transition  period  indicates  a  continued  re¬ 
adjustment  of  the  offshore  profile  towards  accretion  at  the  east 
pier  and  additional  erosion  along  Linwood  and  Nakomis  Beaches. 

The  annual  rate  at  which  sediment  accumulated  east  of  the  east 
pier  exceeded  that  of  the  1971-1973  period  by  a  factor  of  two. 

The  estimated  accretion  at  station  4  had  increased  to  15,800  cy/yr 
from  7500  cy/yr,  the  area  of  erosion  had  increased  extending  from 
station  14  to  the  east,  and  the  levels  of  erosion  along  Linwood 
and  Nakomis  Beach  had  increased  significantly  with  high  rates  on 
Nakomis  of  4800  and  5100  cy/yr  at  stations  32  and  34  respectively. 

Since  the  73-74  period  includes  only  7  months  of  post-breakwater 
influence,  the  higher  levels  of  accretion  along  Lagoons  and  erosion 
along  Linwood  and  Nakomis  Beaches  cannot  be  solely  attributed  to 
the  presence  of  the  breakwater.  It  is  impossible  with  the  data 
at  hand  to  discern  just  how  this  increase  should  be  distributed 
among  the  three  most  probable  causes:  high  lake  levels,  predomin¬ 
ance  of  storms  from  the  northeast,  and  the  offshore  breakwater. 

The  profile  adjustment  precipitated  by  the  above  mentioned  causes 
appeared  to  be  short-lived,  and  the  period  1974-1977  saw  a  dramatic 
decrease  in  the  amount  of  profile  accretion  east  of  the  east 
harbor  pier.  This  implies  that  the  beach  required  about  2  years 
to  stabilize  following  breakwater  construction.  Similarly,  the 
trend  towards  erosion  at  Linwood  Beach  during  the  early  1970's 
subsided,  and  mild  accretion  predominated  during  the  1974-1977 


period  along  the  eastern  portion  of  the  beach.  Accretion  adjacent 
to  the  east  pier  at  stations  2  and  4  averaged  about  1500  cy/yr, 
a  ten  fold  drop  in  comparison  to  the  1973-74  period.  Slight 
erosion  dominates  from  station  6  on  Lagoons  Beach  to  station 
16  on  Linwood  Beach  with  levels  varying  from  150  to  700  cy/Vr 
Accretion  is  evident  east  of  station  18  with  levels  of  about  700 
cy/yr  along  Linwood  Beach  and  70  to  270  cy/yr  along  Nakomis  Beach. 

On  Figure  2.2.3  the  Stanley,  Inc.  data  for  the  periods  1968-71 
and  1971-73  have  been  combined  (note  scale  change)  to  portray  a 
pre-breakwater  period  trend.  Also,  the  1974-77  data  is  shown 
as  part  of  the  post-breakwater  period.  The  1973-74  period  is 
omitted  because  of  its  transitional  nature.  In  the  pre-breakwater 
period  (1968-1973),  moderate  accretion  was  evident  for  1600  feet 
to  the  east  of  the  harbor  piers.  Mild  erosion  persisted  to  the 
east  of  this  section.  The  post-breakwater  period  (1974-77)  still 
shows  accretion  adjacent  to  the  east  pier  but  only  extending  600 
feet  to  the  east.  From  Station  6  to  18,  mild  erosion  is  evident 
with  rates  averaging  less  than  1100  cubic  yards  per  year.  This 
area  was  accreting  at  rates  of  1000  to  3000  cubic  yards  per  year 
in  the  pre-breakwater  period.  From  station  18  east,  the  trend 
reverts  back  to  mild  accretion  in  the  same  area  which  was  eroding 
during  the  pre-breakwater  period. 

Data  shown  on  Figure  2.2.3  was  developed  from  combined  Corps  and 
Stanley,  Inc.  data  bases  shown  in  appendix  D  to  this  report. 

2.2.2  CORPS  OF  ENGINEERS  DATA 

In  order  that  the  volumetric  changes  for  the  shores  east  of 
Vermilion  Harbor  presented  in  the  May  1978  Stanley  Report  could 
be  updated  for  this  study,  the  Corps  of  Engineers , Buff alo  District, 
conducted  two  bathymetric  surveys  in  June, 1979  and  August, 1980. 
These  surveys  covered  the  shoreline  area  for  2800  feet  east  of 
the  east  pier  at  Vermilion  Harbor  including  the  Lagoons  and  Linwood 
Beaches  but  not  Nakomis  Beach. 
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Figure  2.2.3  LONG  TERM  VOLUMETRIC  CHANGE,  VERMILION,  OHIO 
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The  average  end  method  was  used  to  estimate  the  volume  change  in 
any  particular  shoreline  segment.  Figure  2.2.2  presents  the 
volumetric  change  between  October  1977  and  June  1979  and  between 
June  1979  and  August  1980  based  on  the  Corps  bathymetric  surveys. 

The  data  shows  that  in  the  period  1977  to  1979  erosion  took  place 
in  the  Lagoons  Beach  area  adjacent  to  the  east  pier.  The  magnitude 
of  erosion  at  stations  2  and  4  was  about  1500  cy/yr  in  direct 
opporition  to  the  accretion  estimated  m  the  1974-1977  period. 

It  should  be  noted  that  part  of  this  recorded  loss  may  be  due  to 
a  May  1979  sand  pumping  demonstration  program  wherein  sand  was 
pumped  from  the  area  between  stations  0  to  2  and  placed  at  about 
Station  28.  Small  levels  of  accretion  (100  to  300  cy/yr)  are  ob¬ 
served  from  station  6  to  station  14  on  the  western  end  of  Linwood 
Beach,  an  area  which  suffered  small  levels  of  erosion  during  the 
prior  period.  From  station  14  to  the  eastern  extent  of  Linwood 
Beach  erosion  is  estimated  at  levels  from  60  to  990  cy/yr  in  an 
area  which  showed  moderate  (180  to  960  cy/yr)  accretion  during  the 
previous  period.  It  appears  that  some  of  the  beach  material  in  the 
fillet  has  been  redistributed  to  the  east  by  wave  activity. 

In  the  period  1979  to  1980  the  data  reveals  moderate  accretion 
(600-700  cy/yr)  from  the  east  pier  to  station  4.  Erosion  is  pre¬ 
valent  from  station  4  to  station  20  thence  accretion  from  station 
20  to  28.  This  pattern  is  similar  to  that  observed  during  the 
1974-1977  period  although  the  levels  of  erosion  and  accretion  are 
higher  in  this  most  recent  period.  This  pattern  indicates  erosion 
at  the  center  of  Lagoons  -  Linwood  -  Nakomis  Beach  system  with 
redistribution  of  material  both  east  and  west. 

Figure  2.2.3  shows  the  combined  1977  to  1980  Corps  data  in  a  post¬ 
breakwater  period  in  contra  -,t  to  the  Stanley  1974-1977  data  just 
following  breakwater  construction.  The  1977-80  data  shows  a  big 
difference  in  the  trend  toward  fillet  accretion  adjacent  to  the 
east  pier  with  erosion  prevailing  from  the  east  pier  to  station 
20  generally  reducing  with  distance  to  the  east.  After  station 
20,  accretion  dominates  with  increasing  levels  toward  the  east. 
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The  post-breakwater  period  is  broken  up  into  two  periods  because 
of  the  different  data  sources  but  these  charts  point  out  an 
important  change  in  trends  after  1977.  In  the  77-80  period, 
erosion  prevails  from  the  east  harbor  pier  to  station  20,  but 
accretion  occurs  from  station  20  to  28.  In  contrast,  the  pre¬ 
breakwater  chart  for  1968-73  shows  accretion  for  stations  0  to 
18  and  erosion  for  stations  18  to  40.  By  combining  the  Corps  and 
Stanley  data  (see  Appendix  D)  a  bar  chart  is  produced  for  the 
entire  post-breakwater  period  1974  to  1980  as  shown  on  Figure 
2.2.3.  It  may  be  noted  that  the  high  accretion  rates  adjacent 
to  the  east  pier  in  the  post-breakwater,  high  lake  level  period 
1974-77  dominate  the  slight  erosion  trend  indicated  by  the  1977- 
80  chart. 

In  a  comparison  of  the  6  years  (1974-1980)  since  breakwater 
construction  vs  the  5  years  (1968-1973)  prior  to  breakwater  con¬ 
struction,  the  accretion  trend  adjacent  to  the  east  pier  has 
decreased  to  about  half  the  pre-breakwater  levels.  Also,  the 
extent  of  accretion  along  Lagoons  Beach  has  decreased  and  the 
eastern  segment  of  Lagoons  Beach  indicates  an  eroding  trend. 

The  western  reach  (station  S  to  18)  of  Linwood  Beach  which  was 
accreting  in  the  pre-breakwater  period  now  shows  erosion  while 
the  eastern  reach  (station  18  thru  28)  which  was  eroding  during 
the  pre-breakwater  period  now  indicates  accretion. 

It  is  felt  that  a  more  valid  comparison  of  pre  and  post  breakwater 
volumetric  change  requires  longer  periods  of  data  analysis. 
Especially  in  the  post-breakwater  period  1974-80  it  can  be  seen 
that  the  changes  taking  place  in  the  1973-74-75  time  frame  bias 
the  post-breakwater  trend  in  comparison  to  the  latest  trend  shown 
in  the  77-80  time  frame.  Therefore  any  attempt  to  determine  the 
effects  of  the  breakwater  on  the  shoreline  based  on  volumetric 
change  data  alone  would  be  inconclusive. 


16 


3.0 


RESULTS  OF  THE  AERIAL  PHOTO  ANALYSIS 


3.1  SPECIFIC  PHOTO  COVERAGE 

The  aerial  photo  analysis  performed  in  this  study  was  under¬ 
taken  for  the  reach  bounded  by  the  east  pier  of  Vermilion  Harbor 
to  the  eastern  end  of  Nakomis  Beach.  This  study  area  encompasses 
Lagoons,  Linwood,  and  Nakomis  Beaches.  Aerial  photos  for  the 
Sept.  1980  study  were  chosen  to  determine  shoreline  position 
at  intervals  that  averaged  six  years  in  duration.  Aerial  photos 
selected  for  additional  analysis  in  this  study  were  chosen  by 
the  Corps  of  Engineers  to  augment  those  in  the  earlier  study  es¬ 
pecially  around  the  critical  period  of  construction  of  the 
breakwater  in  1973  and  1974.  Also,  the  data  base  was  extended 
as  much  as  possible  by  the  addition  of  a  September  1980  photo 
set . 

The  combined  aerial  photography  listing  is  presented  in  Table  1. 
The  years  1950,  58,  64,  71,  77  and  79  were  analyzed  in  the 
September  1980  study; the  remaining  years  were  analyzed  for  this 
study . 

3.2  SPECIFIC  BASELINE  LAYOUT 

The  placement  of  shore-parallel  baselines  along  the  study  reach 
serves  to  demarcate  the  origin  of  the  shoreline  position  measure¬ 
ment  system.  The  result  of  the  electronic  digitization  procedure 
is  the  computed  intersection  of  a  specific  shoreline  with  each 
profile  emanating  perpendicularly  from  the  baseline.  In  the  photo 
analysis,  consecutive  profiles  were  distributed  along  the  baseline 
at  100  foot  intervals. 

Figure  3.2.1  illustrates  the  baseline  position  and  orientation 
and  profile  locations  for  the  study  area.  The  first  profile  is 
positioned  slightly  east  of  the  east  harbor  jetty.  Because  the 
length  of  the  beach  to  the  east  of  the  harbor  varied  over  the 
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Table  1:  Aerial  Photograph  Listing 
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1948-1980  study,  the  total  number  of  profiles  varied  from  31  to 
38.  The  position  of  the  shoreline  relative  to  the  origin  of  the 
baseline  at  each  profile  for  each  year  is  presented  in  Appendix 
A  for  those  years  covered  in  the  September  1980  study  and  in 
Appendix  B  for  those  years  analyzed  for  this  study. 

3.3.  SHORELINE  POSITIONS 

The  digitized  shoreline  taken  from  the  aerial  photographs  is  the 
still  water  level  at  the  time  of  the  photo.  In  order  to  relate 
all  the  shorelines  to  a  single  vertical  datum,  the  shoreline  data 
files  must  be  corrected  using  a  vertical  datum  correction  and  beach 
slope  data. 

Depending  upon  the  length  of  record  spanned  by  the  data  base, 
the  kind  of  data  bases,  and  the  location  of  the  study,  up  to 
three  vertical  corrections  may  be  considered: 

(1)  Survey  Datum  Correction 

(2)  Lake  Level  Correction 

(3)  Subsidence  Correction 

For  this  study,  corrections  due  to  tide  and  subsidence  were  con¬ 
sidered  negligible.  The  corrections  for  survey  datum  shifts  and 
lake  level  fluctuations  are  used  to  raise  or  lower  the  shoreline 
along  the  sloping  beach  profile  to  a  new  horizontal  position.  The 
survey  datum  correction  is  used,  for  example,  to  change  a  shore¬ 
line  digitized  from  a  map  showing  a  mean  high  water  shoreline  to 
the  low  water  shoreline  using  the  beach  slope  and  the  vertical  dis¬ 
tance  between  mean  high  water  and  mean  low  water. 

The  lake  level  correction  is  used  to  correct  shorelines  digitized 
from  aerial  photos  to  a  common  level.  Lake  levels  at  the  time  of 
the  photos  are  obtained  from  historical  records.  All  photos  were 
reduced  to  the  mean  water  level  of  Lake  Erie  (570.4  feet,  Interna¬ 
tional  Great  Lakes  Datum,  1955). 
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Beach  slopes  at  intervals  along  the  study  area  are  required  in 
order  to  make  the  vertical  datum  corrections.  These  are  usually 
determined  from  whatever  surveyed  profiles  are  available  and  are 
examined  carefully  to  render  a  judgement  that  they  are  reasonable 
and  that  no  sharp  anomalies  are  represented.  Usually,  the  beach 
slope,  once  determined,  is  used  for  all  vertical  corrections  at 
that  specific  profile  line.  Beach  slope  data  for  the  Vermilion 
area  were  obtained  from  the  Corps  of  Engineers,  Buffalo  District. 

The  corrected  shoreline  positions  as  determined  by  aerial  photo¬ 
graphic  analysis  are  presented  in  Appendices  A  and  B  for  the 
September  1980  study  data  base  and  this  May  1981  study  data  base 
respectively.  Figure  3.3.1  shows  the  location  of  the  1948,  1973 
and  1980  shorelines  with  respect  to  the  harbor  entrance  structures 
and  the  chosen  baseline. 

Recognizing  that  the  locations  of  these  shorelines  represent  three 
snapshots  in  time,  the  obvious  feature  along  Lagoons  Beach  is  the 
growth  of  the  fillet  adjoining  the  east  pier  from  1973  to  1980; 
whereas,  there  was  little  net  change  indicated  for  the  period  1948 
to  1973.  Along  Linwood  Beach  erosion  is  evident  on  a  continual 
basis  from  1948  to  1980  except  on  the  eastern  most  stretches  of 
the  beach  where  some  reversal  is  evident  in  the  1973  to  1980  period. 
Reversal  of  the  erosional  trend  is  also  evident  on  Nakomis  where 
no  beach  was  observed  in  1973  but  was  again  evident  in  1980  aerial 
photographs . 
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3.4 


SHORELINE  CHANGE  RATES 


Shoreline  change  rate  data  are  presented  in  Appendices  A  and  B 
for  the  two  data  bases  studied.  In  Appendix  A  the  shoreline 
change  rate  at  each  profile  is  included  for  the  periods  1950  - 
1958,  1958-1964,  1964-1971,  1971-1977,  and  1977-1979.  In 
Appendix  B  the  change  rate  at  each  profile  is  included  for  the 
periods  1948-1968,  1968-1973,  1973-1974,  1974-1978,  and  1978-1980. 

For  the  purpose  of  this  study,  the  two  data  bases  were  combined 
so  that  a  continuous  chronological  picture  of  shoreline  change 
could  be  obtained.  In  Appendices  A  and  B  the  location  of  the 
corrected  shorelines  (with  reference  to  a  common  baseline)  are 
presented  for  both  data  sets.  By  comparing  the  corrected  shore¬ 
line  location  for  1948  (from  Appendix  B)  to  that  of  19r0  (from 
Appendix  A)  and  dividing  the  distance  between  the  twc  by  the 
time  lapse,  one  can  obtain  the  change  rate  for  successive  years 
even  though  they  appear  in  different  data  files.  This  procedure 
must  be  repeated  at  each  profile  to  obtain  the  change  rate  curves 
shown  later  in  this  section. 

3.4.1  SHORELINE  CHANGE  RATE  FOR  CONSECUTIVE  TIME  PERIODS 
1948-1950 

Lake  level  remained  close  to  mean  lake  stage  during  this  period. 
This  period  is  characterized  by  accretion  along  Lagoons  and  the 
eastern  reach  of  Linwood  Beach  while  the  western  portion  (profile 
13  thru  20)  of  Linwood  and  Nakomis  Beaches  are  eroding.  See  Figure 
3.4.1.  The  change  rate  curve  appears  to  be  symmetrical  about  pro¬ 
file  16  indicating  erosion  in  the  center  of  the  beach  system  with 
accretion  at  either  end  but, the  area  under  the  accretion  curves 
is  much  greater  than  that  under  the  erosion  curve,  suggesting  a 
net  gain  in  beach  material  within  the  system. 

1950-1958 

During  this  period,  lake  levels  were  quite  high  in  the  early  50' s 
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and  reduced  gradually  2  to  3  feet  lower  by  1958  to  levels  below 
mean  lake  stage.  The  drop  in  lake  level  most  likely  lessened  the 
erosion  trend  shown  on  Figure  3.4.1  from  what  it  might  have  been 
had  the  period  of  study  ended  in  1953  or  54.  In  any  event  the 
shoreline  change  rate  curve  shows  erosion  rates  of  5  ft/yr  or 
less  throughout  the  study  shoreline  except  for  a  small  portion 
of  Lagoons  (profiles  6  to  8)  which  shows  an  accretion  rate  of 
1  ft/yr  or  less. 

1958-1964 

During  this  time, lake  levels  were  dropping  to  the  lowest  levels 
recorded  during  the  study  period.  This  period  is  charaterized  by 
accretion  along  Lagoons  and  Linwood  Beach  up  to  profile  16  and 
erosion  from  that  point  eastward.  The  change  rate  curve  shown 
on  Figure  3.4.2  seems  to  be  somewhat  symmetrical  about  profile  16 
with  approximately  equal  areas  of  accretion  and  erosion  to  the  east 
and  west  of  that  point. 

1964-1968 

This  was  a  period  of  rising  lake  levels  during  which  the  shoreline 
experienced  erosion  along  Lagoons  and  the  eastern  portions  of 
Linwood  Beach  while  dakomis  and  the  remainder  of  Linwood  Beach 
showed  moderate  levels  of  accretion.  See  Figure  3.4.2.  Other  than 
the  erosion  along  Linwood  Beach  between  profiles  18  and  26  this 
shoreline  change  rate  curve  would  be  similar  in  trend  to  that  of 
the  1958  to  1964  period  but  with  smaller  magnitudes  of  change  rate. 

1968-1971 

During  this  period  the  lake  level  continued  to  rise.  The  shoreline 
change  rate  curve  for  this  period  is  shown  on  Figure  3.4.3.  It 
shows  erosion  throughout  the  study  shoreline  at  an  average  rate 
of  10  ft/yr.  The  erosion  is  an  expected  result  due  to  rising  lake 
levels,  however  the  uniformity  of  erosion  along  the  entire  study 
shoreline  suggests  no  predominant  storm  activity  during  this 
period . 
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1971-1973 


It  is  during  this  period  that  lake  levels  were  the  highest  ever 
recorded  on  Lake  Erie.  Figure  3.4.3  shows  high  rates  of  erosion 
along  Nakomis  and  the  eastern  stretches  of  Linwood  Beach.  Similarly 
high  rates  of  accretion  are  shown  for  the  western  stretches  of 
Linwood  Beach  and  high  rates  of  accretion  are  indicated  along 
Lagoons  Beach.  This  period  is  prior  to  breakwater  construction 
and  suggests  that  strong  easterly  storm  predominance  coupled  with 
extremely  high  lake  levels  has  caused  these  extreme  shoreline 
change  rates. 

1973- 1974 

The  lake  level  remained  at  the  highest  levels  during  this  period. 

The  shoreline  change  rate  curve  for  the  period  1973-74  is  pre¬ 
sented  on  Figure  3.4.4.  This  curve  represents  the  time  period 
immediately  before,  during,  and  after  breakwater  construction. 

The  curve  shows  that  the  entire  stretch  of  Linwood  Beach  is 
eroding  at  rates  as  high  as  40  ft/yr.  lagoons,  on  the  other 
hand  is  accreting  at  high  rates  of  up  to  120  ft/yr  adjacent  to  the 
east  pier.  This  suggests  an  easterly  wave  energy  dominance  during 
this  period  which  transported  littoral  materials  westward  to  create 
the  fillet  at  the  east  pier.  Also  during  this  period  the  break¬ 
water  was  constructed  and,  as  in  so  many  other  documented  cases, 
the  shoreline  reacted  to  the  new  conditions. 

1974- 1977 

Lake  levels  lowered  rapidly  in  the  74-77  period  and  the  shoreline 
change  rate  curve  shown  on  Figure  3.4.5  for  this  period  suggests 
the  influence  of  lower  lake  levels.  Also,  the  high  accretion 
rates  observed  during  the  previous  period  have  diminished  to 
relatively  small  levels.  A  portion  of  Lagoons  Beach  shows 
erosion.  The  entire  Linwood  Beach  sector  shows  slight  erosion 
during  this  period.  Due  to  the  balanced  nature  of  this  curve 
with  accretion  indicated  at  both  ends  and  erosion  in  the  center, 
no  storm  direction  dominance  is  suggested  for  this  period. 
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1977-1978 

During  this  period  the  lake  level  rose  almost  2  feet.  In  this 
period,  as  seen  on  Figure  3.4.5,  most  of  Lagoons  Beach  is  eroding 
while  Linwood  and  Nakomis  Beaches  are  accreting  at  substantial 
levels . 

|  1978-1979 

A  - 

There  was  a  slight  reduction  in  lake  level  during  this  period. 

,  The  trend  indicated  in  the  previous  one  year  period  has  reversed 

i  during  this  period  as  shown  on  Figure  3.4.6.  Accretion  is  evident 

along  Lagoons  and  the  western  stretches  of  Linwood  Beach.  East 
of  profile  17  Linwood  and  Nakomis  Beaches  are  eroding  at  moderate 
change  rates . 

1979-1980 

The  lake  level  had  risen  slightly  during  this  period  in  contrast 
to  the  slight  drop  observed  during  the  previous  period.  For  this 
period  the  shoreline  change  rate  curve  is  shown  on  Figure  3.4.6. 

It  is  practically  the  mirror  image  of  the  1978-79  period  curve 
showing  erosion  from  profile  21  west  along  Linwood  and  Lagoons 
Beaches  while  east  of  this  point  accretion  prevailed. 

From  the  foregoing  analysis  it  is  evident  that  major  changes  in 
beach  configuration  have  taken  place  throughout  the  1948-1980  study 
'  period.  The  total  length  of  sandy  beach  has  fluctuated  from  3,100 

feet  to  3,800  feet  during  this  time.  On  four  occasions  (1958,73, 

i 

|  74,79),  the  east  portion  of  Nakomis  Beach  did  not  exist.  The  other 

j  major  beach  change  has  occurred  near  the  east  harbor  pier  along 

I 

I  Lagoons  Beach  where  the  beach  had  accreted  as  much  as  300  feet 

1  since  1971,  due,  in  part,  to  the  shelter  provided  this  area  by 

|  '  the  offshore  breakwater  that  was  constructed  in  1973.  The  extent 

I  of  this  accretion  zone  spans  the  distance  from  the  east  pier  to 

1  a  point  about  1,000  feet  from  the  pier.  The  magnitude  of  this 


accretion  was  especially  dramatic  because  Lagoons  Beach  was  at  its 
most  landward  position  of  the  entire  32  year  study  period  in  1971-- 
just  prior  to  the  high  water  of  the  1970 's  and  breakwater  construe- 


3.5  EXTREME  SHORELINE  POSITIONS 


Figure  3.5.1  shows  extreme  lakeward  and  landward  positions  of 
the  shoreline  that  occurred  during  the  1948-1973  pre-breakwater 
photo  period  and  the  1974-1980  post-breakwater  period  using  the 
combined  data  bases  from  Appendix  A  &  B.  The  shoreline  extremes 
at  each  profile  are  given  relative  to  the  1980  shore  for  the  post 
period  and  the  1973  shore  for  the  pre  period.  This  figure  represents 
the  "envelope"  of  past  shore  positions  and  at  what  position  the 
shore  exists  relative  to  the  lakeward  and  landward  extremes  over 
the  period  specified.  This  analysis  shows  that  for  the  pre-break¬ 
water  period  1948-1973,  the  1973  shoreline  was  the  most  shoreward 
position  of  Linwood  Beach  from  profile  22  to  28.  This  was  the 
worst  erosion  ever  experienced  along  this  piece  of  shore  during 
that  period.  Along  Lagoons  Beach,  however,  the  1973  shoreline 
was  very  close  to  its  most  lakeward  extreme  during  the  study 
period. 

In  the  post-breakwater  period.  Lagoons  and  the  western  portion 
(to  profile  21)  of  Linwood  Beach  have  experienced  erosion  such 
that  the  1980  shoreline  is  the  most  shoreward  the  shoreline  has 
been  during  the  1974-1980  period.  Also, east  of  profile  22  on 
Linwood  and  Nakomis  Beaches  the  1980  shoreline  is  the  most  lake- 
ward  position  that  the  shoreline  has  been  during  the  1974-1980 
post-breakwater  period.  This  suggests  a  trend  reversal  with  the 
stretch  of  shoreline  east  of  profile  21  accreting  and  the  stretch 
of  shoreline  west  of  profile  21  eroding  during  the  post-breakwater 
period . 

3.6  EXTREME  SHORELINE  CHANGE  RATES 

Figure  3.6.1  shows  the  maximum  erosion  rate  and  the  maximum  accretion 
rate  which  has  occurred  at  each  profile  during  the  1948-80  period. 
These  maximums  are  based  upon  data  reduced  in  Appendices  A  &  B 
of  this  report.  Figure  3.6.1  also  shows  the  1948-1980  average 
shoreline  change  rate  throughout  the  study  shoreline. 
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3.7  LONG-TERM  SHORELINE  COMPARISON 


3.7.1  Pre  vs  Post-Breakwater  Comparison 

The  pre-breakwater  period  extends  from  1948  to  1973  (within  the 
confines  of  the  study  data  base)  and  the  post-breakwater  period 
extends  from  1974  to  1980. 

However,  as  has  been  previously  shown  in  this  report,  the  short 
time  period  representing  the  post-breakwater  period  is  biased 
by  the  effects  of  extremely  high  lake  levels,  and  probable 
dominance  by  storm  activity.  It  is  proposed  therefore  that 
the  entire  1948-1980  period  be  used  as  the  basis  for  comparison 
with  the  1948-1973  pre-breakwater  period.  By  using  the  entire 
period  it  is  reasoned  that  the  effects  of  lake  level,  storms, 
and  all  influential  factors  will  be  averaged  leaving  only  the 
effects  of  the  breakwater  when  the  two  periods  are  compared. 

See  Figure  3.7.1  and  Section  3.7,2  for  this  long-term  trend 
comparison. 

3.7.2  Long-term  Comparisons 

Figure  3.7.1  presents  the  long-term  pre-breakwater  trend  for  the 
period  1948-1973,  and  the  long-term  trend  for  the  entire  period 
covered  1948-1980.  Long  term  trends  shown  by  the  1948-1973  curve 
revea.1  small  levels  of  accretion  on  the  order  of  1  ft/yr  or  less 
along  Lagoons  Beach  with  corresponding  small  levels  of  erosion 
on  the  order  of  1  ft/yr  along  Linwood  and  Nakomis  Beaches. 

When  the  post  breakwater  period  is  taken  into  account,  the 
long-term  trends  over  the  period  1948-1980  reveal  slight  increases 
in  the  accretion  trend  along  Lagoons  Beach  varying  from  6  ft/yr 
adjacent  to  the  east  pier  to  zero,  1000  ft  to  the  east.  Between 
profile  10  and  24  along  Linwood  Beach  the  erosional  trend  has 
been  increased  from  1  ft/yr  to  an  average  of  2  ft/yr.  From  pro¬ 
file  24  eastward  to  profile  31  the  erosional  trend  has  diminished 
from  approximately  1  ft/yr  to  less  than  h  ft/yr.  As  the  post¬ 
breakwater  period  lengthens,  it  is  expected  that  the  long-term 
trend  will  be  closer  to  that  observed  in  the  period  1948-1973. 
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3.8 


beach  area  changes 


The  shoreline  position  data  (Appendices  A  and  B)  was 
used  to  determine  the  long-term  trend  and  the  short  term  fluctua¬ 
tions  in  the  total  area  of  beach  lying  to  the  east  of  Vermilion 
Harbor.  The  characteristic  change  in  beach  configuration  that 
preceeded  and  followed  the  construction  of  the  offshore  breakwater 
in  1973  was  accretion  near  the  east  pier  and  accelerated  erosion 
along  the  central  portion  of  the  study  reach.  Analysis  of  the 
beach  position  data  yields  the  conclusion  that  a  "null  point" 

(a  location  where  no  change  in  beach  position  occurred)  exists 
when  the  trend  of  the  pre-breakwater  period  (1948-1973)  is  com¬ 
pared  with  the  base  period  (1948-1980).  The  location 
of  the  "null  point"  varies  with  each  set  of  aerial  photos,  but 
the  average  being  at  Profile  9  (approximately  900  ft  from  the 
east  pier) .  This  location  corresponds  approximately  with  the 
boundary  between  Lagoons  and  Linwood  Beaches .  To  show  the 
fluctuation  of  beach  area  along  the  study  shoreline,  Table  2  was 
prepared  to  show  the  change  in  beach  area  at  each  of  the  individual 
beaches — Lagoons,  Linwood,  and  Nakomis — and  also  for  the  entire 
beach. 

The  total  change  figure  for  each  time  period  shown  represents 
net  gains  or  losses  to  the  system.  During  periods  of  high  lake 
level,  bluff  erosion  east  of  the  study  limits  and  westerly  littoral 
material  transport  adds  beach  material  to  the  system.  Net  losses 
from  the  system  occur  as  a  result  of  easterly  littoral  material 
transport,  offshore  transport  of  material  and  possible  losses  to 
the  Vermilion  Harbor  navigation  channel  although  data  indicate 
losses  to  the  navigation  channel  to  be  minimal  to  date.  It  is 
interesting  to  note  that  over  the  total  1948-80  period  only  0.09 
acres  of  beach  were  estimated  lost  from  the  system.  It  appears 
that  most  of  the  beach  material  movement  is  a  result  of  reorienta¬ 
tion  of  the  various  beaches  within  the  system  according  to  the 
predominant  wave  and  storm  direction  during  that  time  period. 


TABLE  2: 

BEACH  AREA  CHANGE  (ACRES) 


PERIOD 

LAGOONS 

BEACH 

L INWOOD 

BEACH 

NAKOMIS 

BEACH 

TOTAL 

CHANGE 

1948  - 
1968 

-0.94 

+0.21 

+0.81 

+0.08 

1968  - 
1973 

+1.20 

-0.92 

-0.42 

-0.14 

1973  - 

1974 

+1.84 

-1.21 

-0.05 

+0.58 

1974  - 
1978 

+0.11 

-0.42 

+0.07 

-0.24 

1978  - 

-0.34 

-0.16 

+0.13 

-0.37 

1980  _ 

1948-1980  Change  .  -0.09 


3.9 


BLUFF  CHANGE  ANALYSIS 


Bluff  crest  positions  measured  from  aerial  photos  are  considerably 
more  difficult  to  obtain  when  the  photos  are  not  specifically 
taken  for  this  purpose.  Dense  vegetation  or  incorrect  lighting 
and  exposure  can  easily  obscure  the  bluff  edge.  In  the  six  new 
photo  sets  used  in  this  extended  study,  only  one  is  judged  to  be 
of  sufficient  quality  in  locating  the  bluff  crest  for  using 
aerial  photo  techniques,  the  April  22,  1978  set.  Of  the  remain¬ 
ing  photos,  the  1980  and  1974  set  have  too  much  foliage  which 
completely  blanket  the  bluff,  while  the  black  and  white  1973, 

1968  and  1943  sets  have  lighting  conditions  such  that  a  discernible 
bluff  edge  is  not  visible.  In  the  latter  sets,  the  greyish  ground 

color  blends  with  the  greyish  bluff  face  so  that  the  crest  cannot 
be  easily  delineated. 

With  only  one  photo  set  available  for  new  bluff  position  data, 
no  new  bluff  analysis  is  presented  as  this  data  would  not  vary 
significantly  from  the  1977  data  given  in  the  September  1980 
report.  It  is  also  felt  that  any  bluff  recession  on  this  section 
of  beach  is  caused  by  processes  other  than  direct  wave  impact 
(see  Sept.  1980  report) .  A  large  fronting  beach  would  act  as  an 
adequate  wave  buffer.  However,  wave  induced  erosion  may  be  a 
contributing  factor  on  the  eastern  portion  of  Nakomis  Beach. 

However  the  shale  bluffs  of  this  area  are  highly  resistent  to 
erosion  with  rates  less  than  1  foot  per  year. 
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4.0 


SHORELINE  TRENDS  COMPARISON 


4.1  VOLUMETRIC  SURVEY  VS  AERIAL  PHOTOGRAPHIC  SURVEY 

The  volumetric  survey  data  developed  by  Stanley  Consultants  and 
the  Corps  of  Engineers,  Buffalo  District  as  presented  in  Section 
2  of  this  report  will  be  compared  with  the  shoreline  change  rate 
data  developed  for  this  and  the  September  1980  study.  Only 
shoreline  trends  will  be  compared  here  since  the  volumetric  data 
represents  an  estimate  of  cubic  yards  per  year  lost  or  gained  at 
a  particular  cross-section  along  the  study  shoreline.  On  the  other 
hand,  interpretation  of  aerial  photography  only  represents  the  chanqe 
with  time,  of  the  position  of  the  line  representing  the  interface  of 
land  with  the  lake.  As  such,  this  method  does  not  take  into 
account  what  happens  above  or  below  the  waterline.  Experience 
suggests  that  there  should  be  a  definite  relationship  between 
the  movement  of  the  shoreline  and  the  amount  of  volume  change 
coincident  with  the  recession  or  accretion.  But,  experience 
also  suggests  that  this  relationship  may  not  be  the  same  for  all 

cross-sections  along  the  shoreline  especially  if  they  are  oriented 

at  different  angles  to  wave  incidence  or  composed  of  slightly 
different  materials. 

No  effort  was  therefore  made  here  to  convert  the  shoreline  change 
data  into  volumetric  change  data  for  direct  comparison.  Instead, 
the  bar  charts  (shown  on  Figure  4. 1.1-4. 1.3)  are  compared  for  areas 
of  accretion  or  erosion  and  relative  amounts  of  change.  Appendix  C 

contains  the  data  base  from  which  the  shoreline  change  bar  charts  are 

drawn.  A  comparison  for  each  time  period  follows. 

1968-1971 

Fairly  good  agreement  can  be  observed  in  the  volumetric  and 
shoreline  change  bar  charts  of  Figure  4.1.1  A  moderate  level 
of  erosion  of  10  ft/yr  is  continuous  over  the  study  reach  de¬ 
creasing  slightly  east  of  profile  28.  The  volumetric  change  bar 
chart  shows  a  similar  trend  of  modest  erosion  from  the  east  pier 
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to  station  26.  East  of  this  point  a  small  amount  of  accretion 
is  evident.  The  areas  and  relative  magnitudes  of  change  in  both 
charts  are  practically  identical. 


1971-1973 

On  the  lower  half  of  figure  4.1.1  the  volumetric  and  shoreline 
change  bar  charts  for  the  period  1971-1973  are  compared.  During 
this  period,  just  prior  to  breakwater  construction,  water  levels 
were  rising  to  the  highest  ever  recorded  on  Lake  Erie.  High 
levels  of  erosion  are  shown  for  the  eastern  stretches  of  Linwood 
Beach  profiles  22  to  30  increasing  with  distance  to  the  east. 

On  Lagoons  beach  and  the  western  portion  of  Linwood,  high  levels 
of  accretion  are  prevalent  bur  the  rate  decreases  with  distance 
east  of  the  east  pier.  The  volumetric  change  bar  chart  shows  a 
similar  trend  except  that  the  inflection  point  between  accretion 
and  erosion  is  100-200  ft  further  west. 

1973-1974 

This  pre  and  post  breakwater  period  of  high  lake  levels  and  rapid 
shoreline  adjustment  to  a  new  structure  is  shown  on  the  upper  half  of 
Figure  4.1.2.  The  shoreline  change  bargraph  shows  extremely  high 
levels  of  accretion  adjacent  to  the  east  pier  decreasing  rapidly 
with  distance  east  along  Lagoons  Beach.  Linwood  Beach  exhibits 
a  high  level  of  erosion  for  its  entire  length  decreasing  slightly 
at  its  juncture  with  Nakomis  Beach.  Unfortunately,  no  shoreline 
change  data  is  available  for  Nakomis  Beach  because  the  shoreline 
did  not  exist  on  the  aerial  photos  during  this  period.  The 
volumetric  change  bargraph  again  substantiates  the  shoreline 
change  data  showing  massive  accretion  along  Lagoons  Beach  with 
subsequent  erosion  along  Linwood  Beach. 
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1974-1977 


This  post  breakwater  period  comparison  is  shown  on  the  lower 
half  of  Figure  4.1.2.  The  shoreline  change  bargraph  shows  low 
levels  of  accretion  for  the  first  400  feet  east  of  the  east  pier 
thence  low  to  moderate  levels  of  erosion  along  Linwood  Beach 
with  slight  accretion  again  at  the  western  limit  of  Nakomis  Beach. 
This  dramatic  change  in  comparison  to  the  1973-74  period  suggests 
that  the  shoreline  has  nearly  stabilized  after  breakwater  con¬ 
struction  and  a  moderate  amount  of  readjustment  is  taking  place. 

The  volumetric  change  bar  chart  compares  favorably  with  the 
shoreline  change  chart  except  for  the  eastern  stretch  of  Linwood 
Beach  from  station  17  to  27.  The  volumetric  change  analysis  shows 
small  amounts  of  accretion  in  this  region  while  the  shoreline  change 
data  shows  small  amounts  of  erosion.  This  discreptancy  may  be  due 
to  accretion  of  material  below  the  waterline  which  would  happen  prior 
to  beach  width  growth  and  would  not  show  up  in  the  aerial  photography 
analysis . 

1977-1979 

Further  redistribution  of  shoreline  sediments  occurred  during 
this  period  shown  in  Figure  4.1.3.  The  shoreline  change  rate 
bar  chart  shows  continued  but  low  level  erosion  adjacent  to  the 
east  pier  and  low  to  moderate  accretion  over  the  length  of  Linwood 
Beach.  At  the  western  most  end  of  Nakomis  Beach  slight  erosion  is 
evident.  The  volumetric  change  bar  chart,  however,  shows  moderate 
erosion  along  Lagoons  Beach,  slight  accretion  along  the  western 
500  ft  of  Linwood  Beach  and  low  level  erosion  along  the  remainder 
of  Linwood.  It  is  possible  that  the  time  differences  between  the 
March  1977  aerial  photograph  and  the  October  1977  volumetric 
survey  is  enough  to  cause  these  trend  irregularities.  The  fact 
that  the  water  level  during  the  October  1977  survey  was  about 
one  half  foot  higher  than  at  the  time  of  the  March  1977  aerial 
photo  could  explain  the  increased  erosional  activity  noted  in 
the  volumetric  change  bar  graph. 


VOLUME  CHANGE  SHORELINE  CHANGE  VOLUME  CHANGE  SHORELINE  CHANGE 


PROFILES 


1979-1980 


Redistribution  of  beach  material  from  west  to  east  continues 
during  this  period  shown  on  the  lower  half  of  Figure  4.1.3. 

The  shoreline  change  and  volumetric  change  bar  graphs  are  almost 
identical  in  trends  showing  moderate  erosion  from  the  east  pier 
to  station  20  thence  accretion  along  the  eastern  stretches  of 
Linwood  and  western  stretches  of  Nakomis  Beaches. 

In  general,  the  agreement  between  the  volumetric  and  shoreline 
change  bar  charts  over  the  six  periods  studied  was  unusually 
good.  Shoreline  areas  of  accretion  and  erosion  uniformly  coincided 
and  the  magnitudes  and  fluctuations  of  change  as  shown  by  the 
length  of  bars  was  very  similar  between  the  two  data  sets. 

4.2  IMPACT  OF  THE  BREAKWATER  ON  SHORELINE  TRENDS 

Immediately  prior  to  the  completion  of  the  breakwater  in  December 
1973,  high  level  accretion  was  taking  place  adjacent  to  the  east 
pier  and  all  along  Lagoons  and  the  western  portion  of  Linwood  Beach. 

The  eastern  portion  of  Linwood  Beach  and  Nakomis  Beach  were  experi¬ 
encing  erosion.  This  accretion  was  evidently  the  result  or  abnor¬ 
mally  high  lake  levels  coupled  with  a  predominant  wave  diivv;.  ~on  from 
the  north  east.  In  the  1973-74  period  including  breakwater  completion, 
the  level  of  accretion  along  Lagoons  Beach  had  doubled  to  a  maximum 
rate  of  120  ft/yr  at  the  expense  of  Linwood  Beach  which  suffered 
average  erosion  on  the  order  of  40  ft/yr.  In  this  time  frame,  the 
effect  of  the  breakwater  combined  with  the  high  water  and  dominance 
of  waves  from  the  northeast  had  been  to  impound  westerlv  movina  near¬ 
shore  sediment  in  its  lee  causing  rapid  beach  growth  adjacent  to  the 
east  harbor  pier  and  along  Lagoons  Beach. 

In  the  1974-1977  and  the  1977-1979  time  periods  recovery  began 
to  take  place  on  Linwood  and  Nakomis  Beaches  with  the  Lagoons 
Beach  area  fillet  accreting  slightly  in  1974-1977  but  eroding  in 
1977  to  1979.  In  the  1979-80  time  period  the  entire  stretch 
of  Lagoons  Beach  is  shown  eroding  with  eastern  Linwood  and  Nakomis 
Beaches  recovering  well.  Apparently  in  the  period  1977  to  1980 
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(especially  1979  to  1980)  the  predominant  wave  direction  has  shifted 
to  the  northwest  helping  to  redistribute  beach  materials  to  the  east. 
Redistribution  of  materials  accumulated  adjacent  to  the  East  Pier 
is  affected  by  the  presence  of  the  breakwater  in  shielding  this 
area  from  northwest  waves . 

For  the  period  1973-74,  which  represents  the  transition  period  of 
construction  of  the  breakwater,  the  shoreline  trend  comparison  shown 
in  Figure  4.1.2  indicates  there  was  shoreline  accretion  for  a 
distance  of  about  1200  feet  east  of  the  East  Pier  thence  shoreline 
recession  easterly  to  the  limits  of  study.  For  the  period  1974- 
1977  (Figure  4.1.2)  the  shoreline  trend  comparison  shows  a  greatly 
reduced  rate  of  accretion  in  the  1200-foot  sector  and  similar 
reduction  in  recession  of  the  shoreline  easterly  thereof.  From 
1977  to  1980  the  shoreline  trend  comparisons (Figure  4.1.3)  show 
a  trend  toward  smaller  fluctuations  of  the  shoreline  east  of  the 
East  Pier.  This  shoreline  comparison  suggests  that  for  the  period 
1974-80  there  has  been  littoral  material  movement  into  and  away 
from  the  accumulated  fillets  immediately  east  of  the  East  Pier  with 
resultant  shoreline  change  fluctuations  within  as  well  as  to  the 
east  of  this  section.  The  trend  from  1977-80  (Figure  4.1.3)  further 
suggests  that  shoreline  fluctuations  during  this  period  are  com¬ 
parable  to  those  that  prevailed  over  the  period  1948-1973,  or 
before  the  breakwater  was  constructed,  in  that  shoreline  accretion 
or  erosion  in  a  specific  shore  sector  cannot  be  correlated  with 
changes  that  occurred  to  an  adjacent  shore  sector. 


5.0  SUMMARY  EVALUATION 


5.1  FUTURE  PREDICTION  OF  SHORELINE  TRENDS 

The  aerial  photographic  coverage  permitted  an  evaluation  of  shore¬ 
line  changes  for  time  increments  ranging  from  one  to  eight  years 
between  the  period  1948-1980.  Between  1948  and  immediately  before 
construction  was  started  on  the  breakwater  (1973)  ,  a  comparison 
of  the  incremental  time  aerial  photo  coverage  shows  both  shore 
recession  and  accretion  within  the  three  shore  segments  (Lagoons, 
Linwood,  and  Nakomis)  with  no  apparent  relationship  between  the 
three  shore  segments.  The  incremental  coverage  between  1948  and 
1973  does  suggest  that  the  Linwood  segment  experienced  substantially 
more  shore  recession  than  the  adjacent  segment  of  Lagoons  and 
Nakomis  and  this  is  in  agreement  with  the  longer  time  interval 
comparison,  namely,  the  1948  and  1973  photo  set  (Figure  3.7.1). 

The  1973-74  photo  coverage,  which  encompasses  the  transition  period 
of  breakwater  construction,  clearly  shows  shore  accretion  in  the 
Lagoons  segment  and  shore  recession  in  the  Linwood-Nakomis  segment 
(Figure  3.4.4).  However,  the  trend  indicated  in  the  incremental 
photo  coverage  for  the  1974  to  1980  period  is  that  of  shore  adjust¬ 
ment  for  the  accumulated  fillet  in  the  Lagoons  segment  with  fluctua¬ 
tions  of  recession  and  accretion  in  the  Linwood-Nakomis  segments 
similar  to  that  shown  in  the  incremental  coverages  for  the  1948- 
1973  period.  Again  shore  recession  is  dominant  in  the  Linwood 
segment.  As  in  the  1948-73  period, there  is  no  apparent  relation¬ 
ship  of  shore  accretion-recession  between  the  three  segments. 

During  the  period  1977-78  shore  accretion  prevailed  in  all  three 
segments.  During  1978-79  accretion  prevailed  in  the  Lagoons  and 
the  westerly  half  of  Linwood  but  recession  prevailed  in  the  easterly 
half  of  Linwood  and  in  the  Nakomis  segment.  Then  in  the  period 
1979-80  shore  recession  prevailed  throughout  the  Lagoons-Linwood 
segment  with  accretion  prevailing  in  the  Nakomis  segment. 


The  post-breakwater  period  has  been  relatively  short  -6  years.. 
However,  for  this  period,  the  shoreline  change  data  developed  from 
the  aerial  photo  coverage  and  the  volumetric  changes  developed  from 
survey  data  appear  to  be  in  reasonable  agreement  and  reflect  that 
since  approximately  1977  the  shoreline  has  fluctuated  (recession 
and  accretion)  throughout  the  study  area  with  resultant  trend  of 
shore  recession  of  the  Linwood  segment,  slight  recession  of  the 
Nakomis  segment,  and  a  trend  toward  stability  adjustment  of  the 
Lagoons  segment.  The  rate  shown  by  the  1948-80  long-range  data 
(Figure  3.7.1)  for  the  Lagoons  Beach  segment  is  that  accretion  has 
averaged  3  feet  per  year.  However,  this  value  is  influenced  by 
the  significant  accumulation  of  littoral  material  immediately  east 
of  the  East  Pier  during  the  transition  period  1973-74  (breakwater 
construction  period)  and  based  on  the  trend  for  this  segment  since 
about  1977  it  is  reasoned  that  in  the  future  there  will  continue 
to  be  fluctuations  of  the  shoreline  with  negligible  net  erosion 
or  accretion  in  the  long  term. 

The  1948-80  long  range  trend  shown  for  the  Linwood  segment  is  that 
of  one  to  two  feet  of  recession  per  year  and  based  on  the  trend 
for  this  segment  since  about  1977  it  is  reasoned  that  in  the  future 
the  net  change  of  shore  position  will  average  this  amount  per  year. 
The  predicted  future  rate  of  shore  recession  for  the  Nakomis  segment 
is  zero  to  one  foot  per  year  and  is  based  on  the  value  developed 
for  the  1948-80  long  range  data. 

5 . 2  SUMMARY 

The  results  of  the  aerial  photographic  analysis  show  that  the 
position  of  the  shoreline  east  of  Vermilion  Harbor  has  experienced 
significant  changes  over  the  32  year  study  period.  The  total  along¬ 
shore  length  of  the  beach  has  fluctuated  between  3,100  and  3,800 
feet  with  the  minimum  length  being  measured  in  1958  and  1979. 
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Volumetric  shoreline  change  rate  trends  determined  from  bathymetric 
survey  analysis  were  compared  to  the  combined  aerial  photo  data 
base.  Very  good  agreement  was  found  between  the  two  types  of  data, 
indicating  that  the  trends  shown  were  a  valid  documentation  of 
historical  shoreline  changes. 

Short-term  trend  comparison  of  the  pre  vs  post-breakwater  periods 
indicated  that  the  growth  of  the  fillet  adjacent  to  the  east  pier 
during  the  years  immediately  before  and  just  after  breakwater  con¬ 
struction  had  stopped  and  erosion  was  evident  in  the  most  recent 
series  of  photographic  comparisons.  The  eastern  reaches  of  Linwood 
and  the  Nakomis  Beaches  were  accreting  in  the  1977-1980  period  in¬ 
dicating  a  possible  west  to  east  redistribution  of  beach  material 
from  the  Lagoons  segment  during  this  period. 

In  summary,  the  aerial  photo  coverage  and  the  field  survey  data 
show  that  for  the  Lagoons-Linwood-Nakomis  segments  the  trend  of 
the  shoreline  before  breakwater  construction  was  that  of  slight 
accretion  in  the  Lagoons,  one  to  two  feet  per  year  recession  for 
Linwood,  and  zero  to  one  foot  per  year  recession  for  the  Nakomis 
segment.  During  and  immediately  after  breakwater  construction 
there  was  substantial  shoreline  accretion  in  the  Lagoons  sector, 
and  increased  recession  in  the  Linwood  and  Nakomis  segments.  This 
post-breakwater  trend  of  increased  shoreline  accretion  for  Lagoons 
and  increased  recession  for  Linwood  and  Nakomis  progressively  reduced 
and  the  data  for  the  period  1977  to  1980  indicate  the  fluctuations 
and  trend  of  the  shoreline  in  the  three  segments  are  comparable  to 
that  shown  for  the  pre-breakwater  period.  This  further  indicates 
that  the  influence  of  the  breakwater  on  the  fluctuations  and  trends 
of  the  shoreline  east  of  the  East  Pier  have  been  minimal  since  1977. 


APPENDIX  A 

Shoreline  Position  and  Change  Rates 
September  1980  Data  Base 
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APPENDIX  B 

Shoreline  Position  and  Change  Rates 
May  1981  Data  Base 
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APPENDIX  C 

Shoreline  Change  Rates 
Combined  Data  Base 


VERMILION  SHORELINE  CHANGE  RATES  EAST  OF  JETTIES 

Time  Frame:  April  1968  to  May  1971  =  3.083  yrs. 


PROFILE 

CORRECTED 

SHORELINE 

CHANGE  RATE 

NUMBER 

DISTANCE 

FROM  BASELINE 

FT/YR. 

1968 

1971 

1 

362 

343 

-  6.2 

2 

325 

297 

-  9.1 

3 

295 

272 

-  7.5 

4 

280 

257 

-  7.5 

5 

276 

251 

-  8.1 

6 

278 

250 

-  9.1 

7 

281 

245 

-  11.7 

8 

269 

234 

-11.4 

9 

267 

238 

-  9.4 

10 

2n  5 

257 

-  5.8 

11 

235 

271 

-  4.5 

12 

303 

285 

-  5.8 

13 

331 

308 

-  7.5 

14 

3  57 

331 

-  8.4 

15 

370 

336 

-  11.0 

16 

362 

326 

-  11.7 

17 

354 

318 

-  11.7 

18 

351 

314 

-  12.0 

19 

354 

322 

-  10.4 

20 

354 

322 

-10.4 

21 

347 

313 

-  11.0 

22 

352 

318 

-  11.0 

23 

350 

322 

-  9.1 

24 

359 

321 

-12.3 

25 

354 

326 

-  9.1 

26 

364 

328 

-11.7 

27 

357 

328 

-  9.4 

28 

350 

323 

-  8.8 

29 

342 

322 

-  6.5 

30 

343 

325 

-  5.8 

31 

345 

332 

-  4.2 

32 

352 

338 

-  4.5 
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vermilion  shoreline  change  rates  east  of  jetties 


Time  Frame:  May  1971  to  April  1973  =  1.9167  yrs. 


PROFILE  CORRECTED  SHORELINE  CHANGE  RATE 

NUMBER  DISTANCE  FROM  BASELINE  FT/YR. 


1971 

1 

343 

2 

297 

3 

272 

4 

257 

5 

251 

6 

250 

7 

245 

8 

234 

9 

238 

10 

257 

11 

271 

12 

285 

13 

308 

14 

331 

15 

336 

16 

326 

17 

318 

18 

314 

19 

322 

20 

322 

21 

313 

22 

318 

23 

322 

24 

321 

25 

326 

26 

328 

27 

328 

28 

323 

29 

322 

30 

325 

31 

332 

32 

338 

1272 

459 

+  60.5 

405 

+  56.3 

363 

+  47.5 

343 

+  44.9 

336 

+  44.4 

325 

+  39.1 

309 

+  33.4 

293 

+  30.1 

288 

+  26.1 

303 

+  24.0 

318 

+  24.5 

334 

+  25.6 

353 

+  23.5 

367 

+  18.8 

359 

+  12.0 

344 

+  9.4 

331 

+  6.8 

?29 

+  7.8 

337 

+  7.8 

335 

+  6.8 

327 

+  7.3 

319 

+  0.5 

292 

-15.7 

288 

-17.2 

282 

-22.9 

269 

-30.8 

256 

-37.6 

247 

-39.7 

253 

-36.0 

263 

-32.3 
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VERMILION  SHORELINE  CHANGE  RATES  EAST  OF  JETTIES 
Time  Frame:  April  1973  to  July  1974  =  1.25  yrs 


PROFILE 

NUMBER 


CORRECTED  SHORELINE 
DISTANCE  FROM  BASELINE 
1573  1974 


CHANGE  RATE 
FT/YR. 


1974 

607 

+118.4 

539 

+ 

107.2 

478 

+ 

92.0 

437 

+ 

75.2 

404 

+ 

54.4 

377 

+ 

41.6 

348 

+ 

31.2 

326 

+ 

26.4 

316 

+ 

22.4 

319 

+ 

12.8 

317 

- 

0.8 

316 

- 

14.4 

327 

- 

20.8 

322 

- 

36.0 

307 

- 

41.6 

293 

- 

40.8 

291 

- 

32.0 

299 

- 

24.0 

294 

- 

34.4 

290 

- 

36.0 

284 

- 

34.4 

276 

- 

34.4 

266 

- 

20.8 

263 

- 

20.0 

256 

- 

20.8 

253 

- 

12.8 

247 

- 

7.2 

243 

- 

3.2 

234 

- 

15.2 

260 

- 

2.4 
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VERMILION  SHORELINE  CHANGE  RATES  EAST  OF  JETTIES 
Time  Frame:  July  1974  to  March  1977  =  2.67  yrs. 


PROFILE 

CORRECTED 

SHORELINE 

CHANGE  RATE 

NUMBER 

DISTANCE 

FROM  BASELINE 

FT/YR. 

1974 

1977 

1 

607 

638 

+  11.6 

2 

539 

566 

+  10.1 

3 

478 

493 

+  5.6 

4 

437 

442 

+  1.9 

5 

404 

404 

0.0 

6 

377 

366 

-  4.1 

7 

348 

341 

-  2.6 

8 

326 

306 

-  7.5 

9 

316 

298 

-  6.7 

10 

319 

280 

-14.6 

11 

317 

272 

-  16.9 

12 

316 

275 

-  15.4 

13 

327 

284 

-  16.1 

14 

322 

279 

-  16.1 

15 

307 

273 

-  12.7 

16 

293 

276 

-  6.4 

17 

291 

266 

-  9.4 

18 

299 

26  2 

-  13.9 

19 

294 

263 

-11.6 

20 

290 

274 

-  6.0 

21 

284 

281 

-  1.1 

22 

276 

256 

-  7.5 

23 

266 

230 

-  13.5 

24 

263 

226 

-13.9 

25 

256 

228 

-10.5 

26 

253 

243 

-  3.7 

27 

247 

249 

+  0.8 

28 

243 

249 

+  2.2 

29 

234 

254 

+  7.5 

30 

260 

262 

+  0.8 

31 

268 

32 

270 
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VERMILION  SHORELINE  CHANGE  RATES  EAST  OF  JETTIES 
Time  Frame:  March  1977  to  April  1979  =  2.083  yrs. 


PROFILE 

CORRECTED 

SHORELINE 

CHANGE 

NUMBER 

DISTANCE 

FROM  BASELINE 

FT/YR. 

• 

1277 

1979 

1 

638 

642 

+  1.9 

2 

566 

558 

-  3.8 

3 

493 

490 

-  1.4 

4 

442 

446 

+  1.9 

5 

404 

411 

+  3.4 

6 

366 

382 

+  7.7 

7 

341 

356 

+  7.2 

8 

306 

330 

+  11.5 

9 

298 

308 

+  4.8 

10 

280 

304 

+  11.5 

11 

272 

297 

+  12.0 

12 

275 

286 

+  5.3 

13 

284 

295 

+  5.3 

14 

279 

315 

+  17.3 

15 

273 

312 

+  18.7 

16 

276 

292 

+  7.7 

17 

266 

279 

+  6.2 

18 

262 

273 

+  5.3 

19 

263 

278 

+  7.2 

20 

274 

284 

+  4.8 

21 

281 

284 

+  1.4 

22 

256 

265 

+  4.3 

23 

230 

251 

+  10.1 

24 

226 

251 

+12.0 

25 

228 

244 

+  7.7 

26 

243 

249 

+  2.9 

27 

249 

227 

-10.6 

28 

249 

219 

-14.4 

29 

254 

223 

-14.9 

30 

262 

239 

-11.0 

31 

268 

256 

-  5.8 

32 

270 
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VERMILION  SHORELINE  CHANGE  RATES  EAST  OF  JETTIES 
Time  Frame:  April  1979  to  Sept.  1980  =  1.417  yrs. 


PROFILE 

CORRECTED 

SHORELINE 

CHANGE  RATE 

NUMBER 

DISTANCE 

FROM  BASELINE 

FT/YR. 

1979 

1980 

1 

642 

626 

-  11.3 

2 

558 

540 

-  12.7 

3 

490 

472 

-12.7 

4 

446 

425 

-  14.8 

5 

411 

388 

-  16.2 

6 

382 

359 

-  16.2 

7 

356 

319 

-  26.1 

8 

330 

295 

-  24.7 

9 

308 

280 

-19.8 

10 

304 

276 

-19.8 

11 

297 

272 

-  17.6 

12 

286 

266 

-14.1 

13 

295 

277 

-  12.7 

14 

315 

286 

-20.5 

15 

312 

274 

-26.8 

16 

292 

272 

-  14.1 

17 

279 

264 

-  10.6 

18 

273 

267 

-  4.2 

19 

278 

275 

-  2.1 

20 

284 

273 

-  7.8 

21 

284 

280 

-  2.8 

22 

265 

276 

+  7.8 

23 

251 

280 

+  20.5 

24 

251 

281 

+  21.2 

25 

244 

279 

+  24.7 

26 

249 

282 

+  23.3 

27 

227 

280 

+  37.4 

28 

219 

276 

+  40.2 

29 

223 

279 

+  39.5 

30 

239 

278 

+  27.5 

31 

256 

286 

+  21.2 
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VOLUMETRIC  DATA 


Transition  Period 


Station 

Interval 

Volume  Change 

April  73  -  July  74 

Volumetric 

Change  Hate 

Cubic  Yards/Year 

0-2  +00 

+  28760 

+  23008 

2-4 

+  32770 

+  26216 

4-6 

+  31970 

+  25576 

6-8 

+  18820 

+  15056 

Lagoons 

+112320 

+  89856 

8-10 

+  9590 

+  7672 

10  -  12 

+  5710 

+  4568 

12  -  14 

+  1630 

+  1304 

14  -  16 

-  4920 

-  3936 

16  -  18 

-  7360 

-  5888 

18  -  20 

-  6520 

-  5216 

20  -  22 

-  6700 

-  5360 

22  -  24 

-  7240 

-  5792 

24  -  26 

-  5170 

-  4136 

Linwood 

-  20980 

-  16784 

26  -  28 

-  2670 

-  2136 

28  -  30 

-  2000 

-  1600 

30  -  32 

-  7000 

-  5600 

32  -  34 

-  12340 

-  9872 

34  -  36 

-  9900 

-  7920 

36  -  38 

-  8890 

-  7112 

38  -  40 

-  12000 

-  9600 

Nakomis 

-  54800 

-  43840 

Net  Overall 

+  36540 

+  29232 

VOLUMETRIC  DATA  -  Post  Breakwater  Period 
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+1.20 


+  1.84 


-0.23 


BEACH  AREA  CHANGE  (ACRES) 
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BEACH 
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CHANGE 

+76,070 

+13,080 
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+34,890 

i 
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+36,540 
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1.0  GENERAL 


1.1  INTRODUCTION 

The  Federal  Government  initially  authorized  the  construction  of 
harbor  improvements  at  Vermilion,  Ohio,  in  1836.  The  purpose  of  the 
first  harbor  structures  was  to  transform  the  harbor  from  a  shallow, 
limited-use  facility  to  a  major  port  on  Lake  Erie  devoted  to  the 
promotion  of  regional  commerce  and  trade. 

With  limited  development  as  a  primary  lake  port,  the  main 
focus  of  the  harbor  users  became  the  pursuit  of  recreational  boating 
and  commercial  fishing.  The  most  recent  harbor  improvement  was 
completed  in  1973  and  consists  of  an  864-foot  long  detached  breakv/ater 
located  300  feet  north  of  the  harbor  entrance  piers.  In  addition, 
the  entrance  channels  to  the  harbor  were  widened  and  deepened  at  that 
time.  Figure  1.1.1  A,  B  and  C  presents  Vermilion  Harbor  as  it  appears 
at  three  periods  --  in  1837,  1876,  and  at  the  present  time. 


FIGURE  1.1.1.  A 

Original  Village  of  Vermilion  -  1837 


1 

Following  the  completion  of  the  breakwater  construction,  local  citizens 
expressed  the  belief  that  the  detached  breakwater  altered  the  shoreline  east 
of  the  east  pier  signi ficantly  and  through  the  Ohio  Department  of  Natural 
Resources,  requested  the  Corps  of  Engineers  Buffalo  District  to  investigate 
the  problem  under  the  authority  of  Section  111  of  Public  Law  90-483. 

The  Buffalo  District  completed  a  Reconnaissance  Study  Report  (Stage  1  of 
the  three-stage  Section  111  investigation  procedure)  in  January  1976.  The 
findings  and  recommendations  of  the  Reconnaissance  Study  Report  indicated 
that  a  detailed  study  should  be  made  (Stage  2  of  the  Section  111  procedure) 
to  quantify  any  damages  and  investigate  alternatives  that  would  solve  the 
problem.  This  was  performed  and  presented  in  the  Stage  2  Detailed  Project 
Report  (DPR),  completed  in  May  1978,  in  which  the  following  recommendations 
were  made: 

o  Stage  3  of  the  Section  111  Detailed  Project  Report  be  der- 
taken.  The  alternatives  recommended  for  final  desigr  >r 
mitigation  of  erosion  at  Linwood  Beach  are  Alternativ 
(sand  transport  from  east  fillet  at  east  pier  to  Linw 
Beach)  and  Alternative  4  (nourishing  Linwood  Beach  wi  • 
sand  from  external  source).  However,  Alternative  4  would  be 
implemented  only  if  agreement  cannot  be  reached  with  residents 
of  the  Vermilion  Lagoon  area  to  implement  Alternative  2. 

o  An  experimental  demonstration  of  the  Eductor-type  pump 

system  or  other  similar  systems,  as  suggested  in  Alternative 
2,  be  undertaken  in  Spring  1979  at  Linwood  Beach. 

o  The  need  for  mitigation  to  the  west  (downdrift)  be 

investigated  in  Stage  3  of  this  Detailed  Project  Report. 

Although  the  work  presented  herein  is  being  performed  during  Stage  3 
of  the  Vermilion  Section  111  Detailed  Project  Report,  this  investigation 
which  focuses  on  determining  the  extent  of  shoreline  changes,  erosion,  and 
damages,  if  any  to  the  west  of  the  Vermilion  Harbor  structures)  is  a  Stage  2 
study.  Based  on  the  results  of  this  Stage  2  work,  further  detailed  studies 
may  be  needed  to  complete  the  Detailed  Project  Report.  If  additional  studies 
are  required,  they  will  be  carried  out  as  part  of  the  overall  Stage  3  study 
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which  will  combine  the  erosion  problem  to  the  east  of  the  harbor  structures 
(Stanley  Consul tants  ,1978  .Stage  2  Study)  with  those  to  the  west  (reported 
herein)  and  presented  in  the  Vermilion  Harbor  Section  111  Detailed  Project 
Report. 

The  purpose  of  this  investigation  is  summarized  as  follows: 

o  To  determine  the  extent  of  shoreline  erosion  and  damages, 
if  any,  to  the  west  of  the  Vermilion  Harbor  entrance 
structures  and  to  distinguish  between  erosion  caused  by 
the  Federal  navigation  works  and  those  caused  by 
natural  processes. 

o  To  prepare  preliminary  designs  and  cost  estimates  for  a 
range  of  alternative  plans  to  mitigate  damages  attribu¬ 
table  to  the  Federal  navigation  works. 

o  Based  on  an  ecomomic  analysis  of  each  alternative,  and 
other  appropriate  factors,  determine  if  mitigation  of 
shoreline  damage  is  justified  and  recommend  a  specific 
plan. 

1.2  PURPOSE  OF  THE  STUDY 

In  examining  the  extent  of  shore  damage  and  erosion  and/or 
accretion  west  of  Vermilion  Harbor,  existing  data  and  information  were 
used.  Data  sources  included  tne  U.S.  Army  Coros  of  Engineers,  Buffalo 
District  Office;  the  U.S.  Department  of  Commerce,  U.S.  Lake  Survey; 
the  State  of  Ohio, Department  of  Natural  Resources;  the  City  of  Vermilion, 
and  private  individuals.  The  data  were  analyzed  to  perform  the  follow¬ 
ing  specific  tasks: 

1)  Evaluate  the  littoral  processes  pe"-inent  to  the  study 
area , 

2)  Establish  historical  and  present-day  beach  and  bluff 
recession  rates, 

3)  Determine  the  resultant  effects  to  adjacent  shores 
attributable  to  the  existing  navigation  works, 


4)  Estimate  the  shore  and  bluff  position  if  no  harbor 
structures  had  ever  been  constructed, 

5)  Evaluate  the  need  for  mitigation  of  shoreline  damage 
caused  on  the  west  side  of  Vermilion  Harbor  by  the 
navigation  structures. 

6)  If  erosion  mitigation  is  deemed  appropriate,  specify 
from  the  various  alternatives,  the  recommended  plan  of 
action. 

1.3  LOCATION  AND  DESCRIPTION  OF  FEDERAL  PROJECT 

Vermilion  Harbor,  located  at  the  mouth  of  the  Vermilion  River  in 
Erie  County,  Ohio,  is  about  37  miles  (by  water)  west  of  Cleveland,  Ohio,  as 
shown  in  Figure  1.3.1.  Vermilion  Harbor  is  comprised  of  east  and  west 
approach  channels,  the  lower  3,600  feet  of  the  Vermilion  River,  and  four 
artificial  lagoons.  A  detached  breakwater  built  in  1973  by  the  Federal 
government. shel ters  the  approach  channels  during  moderately  fresh  wind  and 
wave  conditions  and  reduces  wave  and  surge  action  in  the  harbor.  The 
lagoons,  constructed  on  the  east  side  of  the  river  by  private  interests, 
have  depths  averaging  about  4  feet  below  the  Lake  Eric  Low  Water  Datum 
elevation  of  568.6  feet  on  the  International  Great  Lakes  Datum  of  1955. 

Until  the  Federal  government  constructed  two  jetties  at  the  mouth 
of  the  Vermilion  river  in  1836,  less  than  two  feet  of  water  existed  over 
the  bar  at  the  Vermilion  River  mouth.  The  original  jetties  extended  from 
each  side  of  the  river  mouth  lakeward  to  a  depth  of  10  feet.  The  distance 
between  these  parallel  piers  is  125  feet.  The  piers  were  composed  of  stone- 
billed  timber  cribs,  each  about  16  feet  wide  and  30  feet  long  with  the  top 
neight  of  the  cribs  about  five  feet  above  Low  Water  Datum. 

The  Rivers  and  Harbors  Act  of  1875  authorized  an  increase  in  the 
Vermilion  Harbor  cnannel  depth  to  12  feet,  extending  from  the  12-foot  lake 
contour  upstream  for  a  distance  of  about  1,335  feet  from  the  outer  end  of 
the  entrance  piers.  The  extensions  increased  the  length  of  the  east  jetty 
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to  1,075  feet  and  that  of  the  west  jetty  to  1,125  feet.  The  pier  con¬ 
struction  and  channel  deepening  was  completed  in  1878  except  for  a  small 
rock  area  near  the  inner  limits  of  the  west  entrance  channel. 

The  position  of  the  lakeward  ends  of  the  jetties  has  not  changed 
since  IS"^  except  for  minor  alterations  during  pierhead  reconstruction.  The 
Federal  government  has  made  frequent  and  extensive  repairs  to  both  piers. 
Between  1 907  and  1914  the  entire  timber  superstructure  was  rehabilitated  with 
heavy  stone,  raising  the  elevation  of  the  piers  to  6  to  6.5  feet  above  low 
water  datum. 

To  provide  safer  entrance  conditions  at  Vermilion,  and  to  improve 
the  access  channel  to  the  expanding  harbor  facilities  farther  upstream,  the 
Rivers  and  Harbors  Act  of  1958  authorized  construction  of  overlapping  ''arrow¬ 
head"  breakwaters  at  a  distance  of  about  500  feet  lakeward  of  the  outer  end 
of  the  east  pier.  The  Act  also  authorized  the  extension  of  the  8-foot  river 
channel  further  upstream.  A  model  study  of  the  proposed  breakwater  system 
was  completed  in  1969.  The  study,  limited  to  investigating  the  effects  of 
various  structures  on  wave  action,  showed  that  the  arrowhead  breakwater  plan 
did  not  provide  sufficient  wave  protection  for  use  of  the  harbor  during  all 
ice-free  seasons.  A  single  breakwater,  located  parallel  to  shore  and  about 
300  feet  lakeward  of  the  outer  end  of  the  east  pier,  was  selected  as  a  more 
effective  and  economical  alternative.  In  1973,  the  Federal  government  con¬ 
structed  the  breakwater,  a  "T"  type  cellular  structure,  and  extended  the 
federally-maintained  river  channel  to  a  point  3,600  feet  upstream  from  the 
east  entrance  pier. 

The  864-foot  long  breakwater  is  aligned  generally  in  an  east- 
west  direction.  The  design  of  this  structure  is  presented  in  Figure  1.3.2. 
The  structure  consists  of  22  circular  steel  caisson  cells  with  overlapping 
arcs;  each  cell  is  35  feet  in  diameter.  The  sheet  piles  were  driven  into 
bedrock,  the  cells  filled  with  locally  available  granular  material,  and 
covered  with  a  2-foot  thick  reinforced  concrete  cap.  Cleats,  light  poles, 
and  ladders  were  installed.  The  top  of  the  breakwater  is  10  feet  above  Low 
Water  Datum. 
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FIGURE  1.3.2  OFFSHORE  BREAKWATER  DESIGN 


During  the  construction  period,  approximately  20,000  cubic 
yards  of  sediment  and  5,700  cubic  yards  of  unclassified  material  were 
dredged  from  the  lake  approach  entrance  channel,  classified  as  suitable  for 
open-lake  disposal,  and  deposited  in  the  open-lake  dump  zone  2  1/4  miles 
north  of  the  harbor.  Sediment  dredged  from  the  river  channel  was  classified 
unsuitalbe  for  open-lake  disposal  by  the  Federal  Water  Pollution  Control 
Administration  (now  the  U.S.  Environmental  Protection  Agency)  and  deposited 
in  an  upland  disposal  site  located  about  3.5  miles  south  of  Vermilion. 

Since  the  breakwater  project  was  completed  in  1973,  maintenance 
dredging  operations  have  been  performed  on  six  occasions  at  Vermilion  Harbor 
due  to  shoaling  in  the  entrance  and  lake  approach  channels. 

1 .4  PRIOR  REPORTS 

In  the  early  1 950 ‘ s ,  the  entire  Lake  Erie  shoreline  of  Ohio  was 
evaluated  to  determine  significant  erosion  problem  areas.  This  study,  pre¬ 
sented  as  House  Documents  32  and  229  of  the  83rd  Congress  (1952-1953),  pre¬ 
sented  a  qualitative  description  of  shoreline  erosion  in  the  Vermilion  area. 

In  1964,  a  report  entitled  "Effects  of  Large  Structures  on  the  Ohio  Shore  of 
Lake  Erie"  was  prepared  by  the  Ohio  Department  of  Natural  Resources.  In 
January,  1976,  the  Buffalo  District  of  the  U.S.  Army  Corps  of  Engineers  pre¬ 
pared  a  preliminary  Section  111  report  that  led  to  the  study  contained  herein. 
Stanley  Consultants  (1978)  prepared  a  Section  111  report  (Stage  2)  in  May, 

1978,  that  dealt  principally  with  the  shoreline  to  the  east  of  Vermilion  Harbor. 
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SHORE  PROCESSES 


Along  the  Ohio  shoreline  of  Lake  Erie,  physical  factors  of  importance 
which  affect  the  beach  and  bluff  stability  include  wind,  waves,  lake  level 
fluctuations,  sediment  sources,  and  shoreline  configuration.  Currents  that 
initiate  and  sustain  longshore  sediment  movement  are  generated  by  wind  and 
waves;  the  latter  being  the  dominant  agent  in  the  transport  of  sand-sized 
sediment  in  the  nearshore  zone. 

Both  long-and  short-term  fluctuations  in  lake  level  are  central 
to  an  understanding  of  the  current  processes  of  shoreline  dynamics.  Viewed 
from  the  framework  of  geological  time,  their  continued  erosion  is  a  natural 
and  expected  process.  This  longterm  trend  of  erosion  continues  today,  be¬ 
coming  intensified  during  short-term  lake  level  rises  when  wave  impact  is 
exerted  directly  on  the  base  of  the  bluff. 

Another  factor  of  paramount  importance  is  the  nature  of  the  source 
of  littoral  material  in  the  study  area.  Along  this  section  of  shoreline, 
there  is  no  major  river  outflow  which  provides  littorally  suitable  sediment 
from  eroding  upland  terrain.  Consequently,  the  sediment  supply  along  the 
shoreline  is  generated  almost  entirely  within  the  littoral  zone  through  the 
erosion  of  the  beach  bluff  and  offshore  profile. 

Bluff  erosion  is  a  relatively  meager  source  of  supply.  Thus  because 
of  the  low  sand  and  gravel  content  and  the  effects  of  shore  protection  works, 
the  amount  of  sediment  in  the  littoral  zone  available  for  transport  by  wave 
action  and  longshore  currents  is  small.  Survey  information  indicates  numerous 
areas  in  the  littoral  zone  where  rock  material  exists  without  a  sand  cover. 

It  is  likely  that  these  denuded  areas  have  gradually  increased  over  many  hundreds 
of  years,  or  that  recent  aggravated  erosion  has  been  severe  enough  to  decimate 
the  formerly  existing  thin  veneer  of  sand. 

It  is  possible,  as  a  corollary  to  the  above  situation,  that  the 
actual  rate  of  sediment  transport  in  the  surf  zone  is  considerably  less  than 
the  amount  that  would  be  predicted  given  the  available  wave  energy  due  to  the 
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scarcity  of  sediment  available  for  wave-induced  transport  within  the  littoral 
zone . 


Because  of  a  relatively  thin  veneer  of  sand  on  the  lake  bottom 
and  on  the  beach,  such  energy  absorbing  features  as  longshore  bars  and  broad 
sandy  beaches  are  virtually  non-existant.  Consequently,  waves  are  able  to 
expend  considerable  portions  of  their  energy  near  the  base  of  the  bluff. 

The  bluff  is  primarily  composed  of  glacial  till,  and  its  sediments 
consist  mainly  of  fine  silt  and  clay  which,  when  placed  in  water  following 
the  collapse  of  the  bluff,  will  be  readily  washed  to  the  offshore  without 
contributing  to  the  enrichment  of  the  nearshore  zone.  Field  inspections 
indicate  that  the  coarse  fractions  (sand  and  pebbles)  represent  only  about 
15%  of  the  total  bluff  volume;  the  remainder  consisting  of  clay  and  silt. 

Any  effort  to  protect  the  bluff  from  erosion  inevitably  reduces  the  amount 
contributed  to  the  littoral  zone.  Such  structural  protection  has  been  in¬ 
stalled  during  the  past  100  years  near  Vermilion  in  various  forms  such  as 
groins  and  revetments.  Any  further  efforts  to  delay  and/or  prevent  bluff 
erosion  will  aggravate  the  already  existing  deficit  of  littoral  material. 

The  bluff  takes  the  form  of  a  line  source,  unlike  sediment  discharge 
by  rivers  which  represent  a  point  source.  Whereas  the  benefits  of  a  point 
source  diminish  progressively  with  distance  from  the  source  of  supply,  a  line 
source  causes  progressive  accumulation  of  littoral  material  as  one  proceeds 
downdrift  along  the  shoreline. 

When  considering  future  shoreline  change,  the  bluffed  shoreline 
that  comprises  virtually  the  entire  study  reach  to  the  west  of  Vermilion 
Harbor  presents  a  unique  situation.  Several  aspects  of  bluffline  coastal 
processes,  as  contrasted  to  coastal  processes  along  sand  shores,  are  worthy 
of  mention.  They  are  as  follows: 

1.  Bluff  erosion  occurs  as  a  local  phenomenon,  represented 
by  a  chunk  of  collapsing  bluff  with  limited  alongshore 
distance.  Therefore,  although  a  single  episode  of  bluff 
erosion  may  attain  quite  a  high  rate  in  terms  of  volumetric 
loss  and  shoreline  recession  per  event,  average  rates  over 
a  large  reach  generally  yield  relatively  low  amounts. 
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2. 


Any  loss  of  bluffline  is  an  irrecoverable  loss,  whereas  a 
loss  of  sandy  shoreline  frequently  would  occur  as  part  of 
natural  cycles  of  alternate  erosion  and  accretion.  Hence, 
damage  on  a  bluffed  coast  has  longer  lasting  implications 
than  damage  on  sandy  shores. 

3.  The  bluff  has  its  own  processes  of  dynamics  which  are 
almost  entirely  alien  to  the  processes  lakeward  from  the 
shoreline.  For  instance,  the  structural  integrity  of  a  bluff 
is  a  function  of  such  factors  as  lithology,  ground  water, 
vegetation,  height,  and  slopes.  Conversely,  the  topography 

sandy  shores  is  in  equilibrium  with  waves  and  currents, 
and  unlike  the  bluffed  coast,  is  inherently  tied  to  the 
underwater  topography. 

4.  The  stability  of  the  bluff  depends,  to  a  large  extent,  upon 
the  character  of  the  buffer  zone  which  separates  it  from 
forces  exerted  by  the  lake.  Such  a  buffer  zone  is  frequently 
a  belt  of  sandy  beach  in  front  of  a  bluff  which  absorbs  wave 
energy,  thus  preventing  it  from  striking  the  bluff.  This 
sandy  beach  is  not  necessarily  provided  in  whole  by  the  bluff 
erosion,  especially  where  the  bluff  contains  only  small  amounts 
of  coarse  sand  as  in  the  study  area.  In  cases  such  as  this,  the 
amount  of  littoral  drift  from  an  updrift  reach,  capable  of 
supplying  sufficient  material  to  nourish  a  sandy  beach  in  front 
of  a  bluff,  is  a  key  to  stability. 


2.2  SHORE  AND  BEACH  CHARACTERISTICS 


2.2.1  PHYSICAL  FEATURES  OF  THE  SHORELINE 
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In  the  immediate  Vermilion  area,  the  upper  formations  of  bedrock 
consist  of  Huron  shales  from  the  Upper  Devonian  period.  These  shales  form 
blue-gray  to  black  outcroppings  along  the  lake  shoreline  and  are  exposed  on 
the  lake  bottom  both  to  the  east  and  west  of  Vermilion.  Mineral  resources 
located  within  the  Vermilion  River  watershed  include  sand  and  gravel  deposits 
near  Greenwich,  located  about  35  miles  south  of  Vermilion.  Surficial  materials 
in  the  vicinity  of  Vermilion  Harbor  are  unconsolidated  clay,  sand,  and  gravel 
deposits  laid  down  either  by  the  Wisconsin  ice  sheet  or  in  glacial  lakes  pre¬ 
ceding  Lake  Erie. 

The  Lake  Erie  shoreline  extending  east  from  the  east  jetty  of 
Vermilion  Harbor  consists  of  about  3,000  feet  of  sand  beach  followed  by  1,000 
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feet  of  rock  bluff.  The  beach  is  almost  300  feet  wide  adjacent  to  the  east 
jetty  and  tapers  to  nearly  zero  at  or  beyond  the  east  end  of  Linwood  Beach  at 
the  base  of  a  steep  Huron  shale  bluff  about  10  to  15  feet  in  height.  The  bluff 
gradually  rises  to  about  40  feet  above  the  lake.  The  beach  material  east 
of  the  harbor  is  fine  to  medium  sand,  with  gravel  and  cobbles  prevalent 
near  the  water  line.  The  5-to  12-foot  thick  top  layer  of  the  bluff  is 
glacial  material.  The  shale  outcrop  extends  for  about  2  1/2  miles  to  the 
east  of  the  harbor,  where  It  dips  below  lake  level,  remaining  submerged  until 
it  rises  above  water  level  about  one  mile  east  of  Lorain.  Grain  size  analysis 
of  the  bluff  material  indicates  that  only  about  12  percent  of  the  material  is 
fine  sand  or  coarser  and  suitable  for  natural  beach  Duilding.  The  bluff  behind 
Linwood  Beach  is  too  short  to  be  a  significant  beachbuilding  source,  even  though 
it  has  a  much  larger  percentage  of  sand.  Where  the  shale  surface  is  submerged, 
the  coastline  is  primarily  boulder  clay  overlain  with  sand  deposits  with  a 
few  small  sand  pockets. 

Immediately  west  of  Vermilion  Harbor,  a  360- foot  reach  of  private 
property  exists.  West  of  this  parcel  lie  the  Vermilion  City  Beach  (220  feet 
in  length)  and  the  Maritime  Museum  property  (330  feet  in  length).  In  this 
area,  the  Huron  shale  surface  remains  close  to  the  lake  level.  The  bluff 
behind  the  beach  is  about  10  feet  high  and  consists  of  boulder  clay  overlain 
with  lacustrine  deposits.  The  height  of  the  bluff  gradually  increases  toward 
the  west  reaching  a  maximum  height  of  about  30  feet  about  4  miles  from  Vermilion. 
The  bluffs  are  nearly  vertical  and  are  protected  in  places  by  seawalls  or  short 
segments  of  narrow  beach  impounded  between  short  groins.  The  bluff  generally 
consists  of  about  equal  thicknesses  of  an  upper  stratum  of  fine  silt  and  clay 
and  a  lower  stratum  of  boulder  day  that  contains  some  coarse  granular  material. 
The  nearshore  lake  bottom  immediately  west  of  the  harbor  is  hard  shale  with 
some  cobbles  and  boulders  and  occasional  small  sand  deposits.  Recent  field 
studies  by  the  Buffalo  District  show  that  sediments  in  the  lake  approach 
channels  are  essentially  clay  and  silt,  with  some  fine  sand  near  the  pier  ends. 

2.2.2  MAN-MADE  SHORE  STRUCTURES 

To  the  west  of  Vermilion  Harbor,  the  11  miles  of  shore  between 
Vermilion  and  Huron  Harbors  is  developed  almost  completely  with  either  permanent 
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or  summer  residences.  The  lakefront  of  most  of  these  residences  has  been 
protected  at  some  time  during  the  past  65  years.  Many  of  the  earlier  protective 
structures  were  stone-filled  timber  cribs  that  have  recently  been  reconstructed 
with  concrete  superstructures.  A  complete  inventory  of  shore  structures  in  1951 
indicated  205  individual  structures  existed  between  Vermilion  and  Huron  Harbors 
(U.S.  Army  Corps  of  Engineers)  an  average  of  one  structure  for  every  283  feet 
of  shore.  The  majority  of  the  structures  were  short  groins  less  than  150 
feet  long,  but  a  few  were  up  to  470  feet  in  length.  At  least  10  seawalls  or 
bulkheads  over  300  feet  long  had  been  built.  Qualitative  information  indicates 
that  additional  structures  have  been  added  since  1951. 

2.2.3  STREAMS  NEAR  VERMILION  HARBOR 

The  Vermilion  River,  which  rises  in  northern  Ashland  County,  Ohio, 
and  follows  a  general  northerly  course  for  about  45  miles,  drains  a  272  square 
mile  area.  The  river  enters  Lake  Erie  through  Vermilion  Harbor.  About  two 
miles  above  its  mouth,  the  Vermilion  River  is  100  feet  to  200  feet  wide  with 
natural  depths  generally  less  than  three  feet.  In  the  lower  mile,  natural 
depths  range  to  10  feet.  The  Federal  government  deepened  the  channel  upriver 
to  Ontario  Lagoon  to  a  depth  of  12  feet  in  1973.  The  channel  depth  is  maintained 
to  8  feet  from  that  point  for  a  distance  of  3,600  feet  upstream  from  the  end  of 
the  east  piers.  High  flows  in  the  river  during  flood  stages  provide  scouring 
velocities  in  the  lower  reaches  of  the  river  and,  before  the  channel  was 
deepened  in  1973,  very  little  dredging  was  required  to  maintain  a  usable 
channel.  Except  where  beach  sand  washes  over  the  east  jetty  into  the  channel, 
the  sediment  in  the  lower  channel  is  mostly  silt  and  mud.  The  Vermilion  River 
is  not  a  significant  source  of  beach  building  sedimentary  material. 

The  only  sizable  stream  entering  the  lake  to  the  east  between 
Vermilion  and  Lorain  Harbors  is  Beaver  Creek,  which  rises  only  11  miles 
inland  and  has  a  drainage  area  of  about  50  square  miles.  This  stream  delivers 
a  negligible  amount  of  beach  building  material. 

The  Black  River,  which  enters  the  lake  at  Lorain  Harbor,  does  not 
carry  a  significant  sand-sized  sediment  load.  Maintenance  dredging  operations 
are  conducted  annually  along  the  lower  three  miles  of  this  river  thus  removing 
any  sediment  before  it  reaches  the  littoral  zone. 


/ 


1 


2-5 


West  of  the  west  pier  of  Vermilion  Harbor,  several  small  streams 
enter  the  lake  between  Vermilion  and  Huron.  Previous  studies  have  indicated 
that  these  streams  contribute  negligible  amounts  of  sand-sized  sediments  to 
the  Lake  Erie  coastal  zone. 


2.3 

2.3.1 


PHYSICAL  FORCES 


WAVES 


Wave  impact  comprises  the  dominant  force  in  shoreline  erosion. 

Wave  action  closely  follows  wind  action  on  Lake  Erie  although  the  swell 
occasionally  persists  for  24  hours  after  a  long  storm.  Wave  activity  on 
Lake  Erie  during  storms  is  often  violent  and  causes  rapid  shore  erosion  as 
well  as  swift  longshore  currents. 

At  Vermilion,  the  larger,  steeper  waves,  created  by  strong  northeast 
and  northwest  winds,  are  the  most  effective  in  eroding  and  moving  sediments. 
Large  sections  of  the  bluff  near  Vermilion,  weakened  by  wave  undercutting, 
frequently  fall  to  the  beach  or  into  the  water  where  wave  action  sorts  the 
bluff  material  thereby  removing  the  fine  material.  Unprotected  bluffs 
normally  do  not  attain  a  stable  slope  and  the  process  of  sloughing,  removal, 
and  undercutting  by  wave  action  is  continuous.  The  rate  of  bluff  loss  depends 
to  a  large  extent  on  lake  levels  and  the  related  intensity  of  wave  attack. 

Table  1  shows  wave  data  developed  by  the  Corps  of  Engineers 
utilizing  wind  data  recorded  at  Lorain  Harbor  and  methods  described  in  the 
Coastal  Engineering  Research  Center's  Shore  Protection  Manual. 

TABLE  I  WINO  ANO  OEER-WATER  WAVE  CHARACTERISTICS 
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The  effect  of  the  wave  energy  on  the  Vermilion  shoreline  depends 
on  the  wave  height  and  angle  of  wave  attack.  Wave  refraction,  diffraction, 
and  shoaling  affect  the  wave  as  it  approaches  the  shoreline. 


A  wave  refraction  study  developed  for  design  of  the  offshore  break¬ 
water  in  Vermilion  Harbor  disclosed  no  unusual  patterns  of  convergence  or 
divergence  of  wave  energy  due  to  i rregul ari ties  of  the  bottom  contours  (U.S. 

Army,  Corps  of  Engineers,  1971). 

Wave  diffraction,  which  allows  for  the  lateral  transfer  of  energy 
along  the  wave  crest,  is  most  noticable  when  the  progress  of  waves  is  interrupted 
by  some  barrier,  such  as  the  detached  breakwater  and  harbor  entrance  jetties 
at  Vermilion.  Diffraction  of  waves  around  these  structures  also  affects  the 
wave  angle  and  height.  Wave  diffraction  can  affect  all  of  the  Vermilion  City 
Beach  area  to  the  west  as  well  as  the  shore  for  a  distance  of  1,200  to  1,400 
feet  to  the  east  of  the  east  jetty. 

2.3.2  WINDS 

Observed  wind  data  are  not  available  for  Vermilion  Harbor,  however, 
data  for  Lorain,  Ohio,  the  site  of  the  nearest  weather  station,  are  provided 
in  Figure  2. 3. 2.1 . 


The  north  to  west-northwest  winds  vary  widely  in  intensity  from 
severe  storms  (winds  in  excess  of  60  mph)  to  light  and  moderate  summer 
breezes.  Northeast  and  east  winds  also  range  in  intensity  from  light  summer 
breezes  (5  mph  to  10  mph)  to  storm  speeds  (40  mph  to  50  mph);  passage  of 
frontal  systems  frequently  results  in  sustained  northeast  winds  to  15  mph  to 
25  mph  for  two  or  three  days.  The  most  frequent  winds  in  the  Vermilion  area 
are  southwesterly  winds. 

2.3.3  CURRENTS 

Nearshore  currents  in  Lake  Erie  consist  of  the  very  weak  natural 
flow  of  water  through  the  Great  Lakes  system.  Wind-driven  currents  can 
achieve  velocities  of  up  to  2  feet  per  second.  Littoral  currents  generated 
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FIGURE  2.3.2. 1.  :  WIND  DIAGRAM,  LORAIN  HARBOR,  OHIO 


by  breaking  waves  in  the  surf  zone  can  create  velocities  up  to  4.0  feet  per 
second.  Some  currents  can  be  generated  from  water  inflow  from  a  stream  or 
river.  The  nearshore  currents  near  Vermilion  are  influenced  primarily  by  the 
wind,  the  bottom  topography,  and  inflow  from  tributaries. 

The  Great  Lakes  flow-through  current  near  Vermilion  is  immeasurably 
slow  because  of  the  large  cross-section  of  the  central  basin  of  Lake  Erie. 
Circulation  is  controlled  by  the  wind,  and  reversals  are  common  with  wind 
shifts.  The  predominant  surface  water  movement  is  eastward  due  to  the  prevailing 
westerly  winds.  Littoral  currents  in  the  Vermilion  area  generally  move  from  east 
to  west.  Near  the  mouth  of  the  Vermilion  River,  the  hydraulic  gradient  of  the 
river  is  very  low,  resulting  in  very  low  stream  velocities  during  all  but  high 
river  flows. 

Current  studies  conducted  in  May  through  September  1977  indicate 
that  the  breakwater  limits  the  northerly  motion  of  the  river  water,  creating 
current  patterns  similar  to  those  of  prebreakwater  conditions  during  periods 
of  strong  northwesterly  winds  (Stanley  Consultants,  1978). 

7.3.4  LAKE  WATER  LEVEL 

Shoreline  conditions  can  be  altered  extensively  by  lake  level  changes. 
A  beach  profile  is  generally  concave  upwards.  A  rise  in  lake  level  along  a  con¬ 
cave  profile  causes  the  beach  face  to  be  readjusted  by  the  waves  to  a  flatter 
slope  resulting  in  erosion  above  the  water  line  and  some  accretion  offshore  as 
the  beach  profile  adjusts  to  the  new  lake  level,  (see  Figure  2. 3. 4.1). 


FIGURE  2.3.41.  :  NEARSHORE  EFFECTS  OF  LAKE  LEVEL  RISE 


Conversely,  a  fall  in  water  level  on  a  concave  beach  profile 
eventually  leads  to  a  steepening  of  the  beach  face  as  the  readjust¬ 
ment  by  waves  builds  a  berm,  (see  Figure  2. 3. 4. 2). 


FIGURE  2. 3.4. 2  :  NEARSHORE  EFFECTS  OF  LAKE  LEVEL  FALL 


The  effects  of  rising  and  falling  lake  levels  do  not  balance. 

High  levels  permit  waves  to  erode  the  high  bluffs  whereas  during 
lower  lake  levels  these  features  will  not  be  replaced.  Also, 
because  sediment  moves  more  easily  in  the  surf  zone  than  in  offshore 
waters,  the  beach  face  is  readjusted  fairly  quickly  while  the  offshore 
areas  readjust  much  more  slowly.  In  addition,  there  is  a  continual  loss 
from  the  system  to  offshore  areas. 

The  water  levels  of  the  Vermilion  Harbor  area  are  essentially 
the  same  as  the  levels  of  Lake  Erie.  The  average  or  normal  lake  level 
varies  irregularly  from  year  to  year,  and  is  subject  to  a  consistent 
seasonal  rise  and  fall  (the  highest  levels  prevailing  during  the  summer 
months  and  the  lowest  during  the  winter  months).  The  level  of  Lake  Erie 
is  measured  relative  to  the  Low  Water  Datum  of  568.6  feet  above  the 
International  Great  Lakes  Datum  (IGLD)  established  in  1955.  In  the  118 
years  from  1860-1977,  the  level  of  Lake  Erie  has  fluctuated  from  a  high 


monthly  mean  of  573.51  feet  (June,  1973)  to  a  low  monthly  mean  of 
567.49  feet  (February,  1936).  The  greatest  annual  fluctuation,  as 
determined  by  the  highest  and  the  lowest  monthly  mean  of  the  year  was 
2.75  feet,  and  the  least  annual  fluctuation  was  0.87  foot.  During  the 
1973  to  mid-1979  period,  the  maximum  monthly  mean  stages  have  ranged 
from  3.42  feet  (February  1977)  to  4.9  feet  (June  1973)  above  low-water 
datum.  The  minimum  monthly  mean  stages  have  ranged  from  1.6  feet 
(February,  1977)  to  3.2  feet  (November,  1973)  above  low-water  datum. 

Table  2  presents  a  tabulation  of  Lake  Erie  water  level  data. 

The  fluctuations  shown  in  Table  2  are  produced  by  rainfall  and  runoff 
in  the  Great  Lakes  basin  and  are  reasonably  predictable  only  4  to  6 
months  in  advance.  Seasonal  cycles  produce  variations  of  1  foot  to  2 
feet  with  the  highest  annual  elevations  in  June  and  July. 

In  addition  to  annual  and  seasonal  fluctuations,  storms  pro¬ 
duce  water  level  changes  due  to  barometric  pressure  changes  or  pro¬ 
longed  strong  winds.  Wind  induced  "set-up"  results  when  strong  winds 
induce  water  flow  toward  the  leeward  shore,  thereby  increasing  the 
water  level  at  that  location.  This  effect  can  result  in  short-term 
water  level  increases  of  up  to  two  feet  at  Vermilion.  The  highest 
short-term  water  levels  occi,v'  during  northeast  storms,  which  yield 
a  westerly  flow  of  sand  in  the  littoral  zone  during  such  periods. 

The  orientation  of  the  shoreline  is  not  affected  significantly 
by  variations  in  water  level  unless  refraction  of  the  waves  is  altered-- 
that  is,  unless  irregularities  in  bed  topography  are  flooded/exposed 
by  the  water  level  r i se/ fa  11.  Such  irregulari ties  are  not  significant  at 
Vermilion  since  the  bed  is  formed  by  relatively  parallel  bottom  contours. 
Hence,  variation  in  lake  level  does  not  significantly  alter  the  angle  of 
waves  breaking  on  the  beaches  at  Vermilion. 


TABLE  2: 


LAKE  ERIE  LEVELS,  1860  -  1977 


MEAN  ELEVATION 

VARIANCE  FROM  LOW. 

DATE 

(IGLD)*,  FEET 

WATER  DATUM,  FEET 

Long-term 

1860-1977 

570.36 

+  1.76 

Yearly  Mean 

1968 

570.92 

+2.32 

1969 

571.54 

+2.94 

1970 

571 .10 

+2.50 

1971 

571.27 

+2.67 

1972 

571 .89 

+3.29 

1973 

572.71 

+4.11 

1974 

572.52 

+3.92 

1975 

572.27 

+3.67 

1976 

572.10 

+3.50 

1977 

571.24 

+2.50 

Hiqhest  Monthly  Mean 

Level 

June  1973 

573.51 

+4.91 

Lowest  Monthly  Mean 

Level 

February  1936 

567.49 

-1  .11 

*  I GL 0  =  International  Great  Lakes  Datum 
-  Low  slater  Datum  is  563.6  Feet  (IGLD) 

(From:  Stanley  Consultants,  Vermil ion  Harbor ,  Onio 
Section  111  Study,  May  1978) 
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2.3.5.  ICE 


Ice  conditions  around  Vermilion  may  differ  significantly 
from  year  to  year,  and  even  during  any  given  winter.  Ice  formation  at 
Vermilion  Harbor  depends  on  the  complex  interaction  of  many  physical 
factors  such  as  air  and  water  temperature,  wind,  waves,  water  currents, 
water  depth,  and  shoreline  configuration.  Shore  ice  can  provide  a 
protective  barrier  between  the  vulnerable  beach  or  bluff  and  the  in¬ 
coming  wave  energy.  Figure  2.3.5.  gives  an  indication  of  the  expected 
periods  of  ice  cover  at  Vermilion  Harbor.  These  periods  of  ice  forma¬ 
tion  have  been  noted  in  undertaking  the  littoral  transport  analysis  in 
this  report.  During  periods  of  shore-fast  ice  cover,  littoral  drift 
has  been  assumed  to  be  negligible. 

2.4  LITTORAL  SEDIMENTS 

2.4.1.  SOURCES  OF  SEDIMENT 

The  process  of  erosion/accretion  of  a  beach  depends  on  a  balance 
of  the  existing  hydraulic  factors  and  the  supply  of  sediment  to  the 
littoral  system.  The  possible  sources  of  sediment  for  the  Vermilion 

area  shoreline  are  the  Vermilion  River,  offshore  deposits,  or  bluff 
erosion.  Because  Vermilion  River  sediments  are  primarily  fine¬ 
grained  silt  and  clay,  the  river  is  not  a  significant  source  of  beach 
sand.  Offshore  deposits  of  any  magnitude  apparently  do  not  exist  in 
the  nearshore  areas  off  Vermilion.  The  only  major  sediment  source 
for  the  Vermilion  shoreline  appears  to  be  from  bluff  erosion. 

The  amount  of  beach  building  sand  generated  by  bluff  erosion 
varies  greatly  due  principally  to  wave  action  and  storm  related  water 
level  rise.  The  reach  of  coast  that  supplies  sand  to  the  beaches  to 
the  east  of  Vermilion  Harbor  is  about  five  miles  in  length.  The  harbor 
structures  at  Vermilion  act  as  a  virtual  barrier  to  littoral  transport 


2-13 


PERCENT  PROBABILITY 
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along  the  coast.  Some  of  the  area  to  the  west  is  already  protected  by 
natural  or  man-made  barriers,  but  estimates  indicate  that  about  50  to  60 
percent  of  the  area  is  actively  eroding;  previous  studies  have  shown  that 
the  long-term  recession  rate  of  this  shoreline  stretch  exceeds  1  foot  per 
year.  (Ohio  Department  of  Natural  Resources,  open  File  Map  89,  1975). 

2.4.2  SEDIMENT  COMPOSITION 

In  the  outer  Vermilion  harbor,  the  sediments  consist  of  a  thin 
mantle  of  sand,  clay,  and  gravel  of  medium  density  overlaying  a  rock  base¬ 
ment.  The  sediment  veneer  thickens  at  the  eastern  end  of  the  breakwater. 

Over  portions  of  the  west  harbor  entrance,  no  surficial  sediment  exists. 

Between  the  piers,  the  river  channel  exhibits  sediments  that  vary 
in  size  and  character  from  sandy  silts  to  silty  clay.  Dredging  has  exposed 
rock  at  the  downstream  end.  The  sediment  thickness  upstream  varies  in 
response  to  alternating  periods  of  scour  and  deposition  during  high  river 
flows.  Beach  sand  once  overtopped  the  east  pier  and  contributed  to  shoaling 
in  the  river  channel.  Since  the  raising  of  the  pier  elevation  in  1974,  how¬ 
ever,  overtopping  of  the  pier  structure  by  beach  sand  has  ceased.  Sediment 
deposited  in  the  area  between  the  river  piers  and  the  detached  oreakwater 
includes  silt  and  clay-sized  particles  from  the  river.  The  presence  of  sand 
immediately  northeast  of  the  end  of  the  east  pier  indicates  that  beach  or  lake 
bottom  material  is  being  transported  to  this  area. 

Sediment  in  the  Vermilion  River  upstream  from  the  piers  consists  of 
silt  and  clay-sized  particles.  The  organic  content  of  this  material  is  higher 
than  that  found  in  the  harbor  approach  area.  (U.S.  Army  Corps  of  Engineers 
Survey  Data ,  1 980) . 

2.4.3  SEDIMENT  TRANSPORT 

Littoral  material  is  continually  moved  by  waves  in  the  nearshore 
area.  Steep  waves  under  an  onshore  wind  tend  to  erode  the  beach  face.  A 
portion  of  the  material  which  is  suspended  during  these  events  is  carried 
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offshore.  During  times  of  reduced  wind  and  wave  energy,  longer  period 
waves  tend  to  push  sediment  shorewards  thereby  building  the  beach.  Offshore 
erosion  dominates  over  onshore  accretion  along  the  south  shore  of  Lake  Erie 
because  storm  waves  are  almost  always  short-period  seas  accompanied  by  onshore 
winds.  Waves  without  winds  imply  a  distant  storm  generating  waves  which 
propagate  out  of  the  storm  as  long-period  swell.  The  Great  Lakes  coasts 
have  much  less  swell  than  ocean  coasts  due  to  limited  fetch  length,  hence 
the  dominance  of  erosion  is  generally  higher  than  for  an  ocean  coast. 

The  direction  of  longshore  littoral  transport  in  the  Vermilion  area 
exhibits  an  east  to  west  predominance.  Shoreline  orientation  along  Lagoon 
Beach  and  Linwood  Beach  is  roughly  east-west  (80°  to  100°  from  north).  The 
net  longshore  energy  fluxes  at  Vermilion  are  very  small,  and  a  slight  difference 
in  shoreline  alignment  may  change  the  direction  of  littoral  movement.  The 
waves  responsible  for  sediment  transport  at  Vermilion  are  predominately  those 
originating  in  the  northeast  and  northwest  directions. 

The  longer  fetch  distances  to  the  north  and  northeast  across  Lake 
Erie  allow  larger  waves  to  develop  than  those  that  can  develop  over  the  shorter 
fetches  from  the  west  and  northwest.  Accordingly,  greater  total  wave  energy 
is  directed  westerly.  Nevertheless,  a  small  sand  beach  that  has  accumulated 
along  the  shoreline  immediately  to  the  west  of  Vermilion  Harbor  is  evidence  that 
reversals  of  current  and  drift  from  the  predominant  east-west  to  a  west-east 
direction  do  occur.  The  wind  pattern  on  Lake  Erie  confirms  the  likelihood  of 
frequent  reversals  in  the  direction  of  littoral  drift. 

A  recent  report  by  Stanley  Consultants  (1978)  has  shown  that  even 
small  onshore-offshore  movements  can  significantly  affect  the  sediment 
budget  due  to  the  relatively  small  amounts  of  material  involved. 

The  flow  of  sand  around  the  ends  of  the  Vermilion  Harbor  piers  prior 
to  the  construction  of  the  offshore  breakwater  is  believed  to  have  varied 
between  1,000  to  4,000  cubic  yards  of  sand  per  year.  Evidence  indicates  that 
westerly  sand  transport  around  the  piers  has  decreased  since  the  construction 
of  the  breakwater.  Ouring  this  period,  dredging  of  the  sediments  deoosited 
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in  the  river  and  lake  approach  channels  has  been  required  on  six  occasions. 

Since  completion  of  the  breakwater,  survey  data  indicates  that 
there  has  been  a  sediment  buildup  along  the  pier  at  the  east  edge  of  the 
river  entrance  channel  and  sediment  buildup  in  the  eastern  lake  approach. 
Sediment  buildup  in  the  east  and  west  lake  approach  channels  is  greatest  along 
the  shoreward  side  of  the  channel  near  the  pier  ends.  The  east  lake  approach 
channel  is  more  than  250  feet  wide  along  the  breakwater  where  the  channel  depth 
is  greater  than  12  feet.  The  beach  immediately  east  of  the  east  pier  has 
accreted  since  1973.  Some  of  the  sand  is  moving  offshore  into  the  lake 
approach  channel  and  is  being  lost  from  the  system  due  to  channel  dredging 
operations. 


3.0  SHORELINE  CHANGE  ANALYSIS 


3.1  INTRODUCTION 

The  methods  of  analysis  used  to  determine  long-and  short 
term  changes  along  the  reach  of  shoreline  under  study  are  as  follows: 

1)  3athymetric  Map  Comparison:  Erosion  or  accretion  in  the 
nearshore  zone  can  have  a  major  impact  on  the  stability  of 
the  shoreline.  Knowledge  of  the  lakebed  composition 
(sand,  clay,  rock,  cobble,  etc.)  gives  an  indication  of  the 
ease  with  which  lakebed  erosion  can  occur.  Comparison  of 
soundings  must  be  judged  only  after  a  proper  assessment  has 
been  made  concerning  the  accuracy  of  each  individual  survey. 
Bathymetric  survey  methods  have  varied  considerably  in  this 
regard  over  the  past  100  years.  For  this  reason,  it  is  wise 
to  disregard  minor  changes  in  the  bottom  profile  and  stress 
only  those  changes  that  exceed  the  range  of  survey  inaccuracies. 

2)  Historical  Map  Comparison:  The  only  way  to  measure  changes 
in  the  shore  and  bluff  dating  back  to  the  mid-1300's  is 
through  the  interpretation  of  old  maps  and  charts.  Prior  to 
1930,  aerial  photographs  were  not  used  routinely  to  accurately 
delineate  topographic  features  to  be  mapped.  Therefore, 

some  inaccuracy  in  positioning  is  expected  in  documents 
produced  prior  to  that  time.  Nevertheless,  the  general 
trends  of  shoreline  change  that  can  be  gleaned  from  early 
maps  provide  very  useful  information  on  the  effect  that 
modern-day  shore  protection  structures  have  on  littoral 
processes . 

3)  Aerial  Photographs:  The  most  valuable  technique  available 
to  assess  shoreline  changes  is  aerial  photo  analysis.  These 
photos  are  available  for  periods  following  1930  for  virtually 
the  entire  coast  of  the  United  States. 
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This  data  source  is  used  to  define  recent  shoreline  trends  and, 
specifically,  the  effect  that  individual  coastal  structures  have  on 
shore  stability. 

3.2  LIMIT  OF  SHORELINE  INFLUENCE  OF  FEDERAL  NAVIGATION  WORKS 


When  studying  a  coastal  system  which  includes  a  major  littoral 
barrier,  one  would  expect  to  find  a  2one  downdrift  of  the  structure 
where  excessive  erosion  has  taken  place  followed  further  downdrift 
by  zones  of  decreasing  erosion  until  "normal"  littoral  conditions 
are  predominant.  At  Vermilion,  the  situation  is  complicated  by  the 
following  conditions: 

1)  The  original  navigation  works  were  installed  in  1836 
(nearly  150  years  ago). 

2)  Beginning  long  ago,  the  residents  west  of  the  harbor  were 
obligated  to  protect  their  shoreline  by  armoring  it  against 
wave  attack. 

3)  As  the  city  of  Vermilion  grew  to  the  west  with  time,  the 
newer  residents  suffered  the  effects  of  both  sediment 
blockage  at  the  harbor  piers  as  well  as  the  dwindling  near¬ 
shore  sand  supply  caused  by  the  updrift  armoring  of  neighboring 
properties.  These  new  residents  were  forced  to  protect  their 
shoreline  and  the  effects  cascaded  down  the  coast  to  the  west. 

4)  At  Sherod  Park,  however,  the  shoreline  is  publically  owned 
and  was  unprotected.  The  effect  of  the  sediment  blockage  at 
Vermilion  Harbor  diminishes  at  this  location  but  the  problem 
of  decreased  littoral  supply  caused  by  armoring  of  the  updrift 
snorel i ne  persists . 


A  qualitative  estimate  of  the  length  of  shoreline  influenced 
by  the  Federal  navigation  structures  at  Vermilion  has  been  made.  The 
major  tool  utilizeo  in  the  assessment  has  been  observation  of  the  general 
shape  of  the  shoreline  in  this  region.  Figure  3.2.1  shows  the  U.S. 
Geological  Survey  Topographic  Map  of  the  present  shoreline.  A  section 
of  shoreline  to  the  west  of  Vermilion  (identified  as  Zone  "A")  has  been 
recessed  into  the  shore  considerably  more  than  the  shore  further  to  the 
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west.  This  is  believed  to  be  indicative  of  the  increased  trend 
towards  erosion  in  this  area  due  to  sediment  blockage  at  the  harbor 
piers . 

The  dashed  line  shown  in  Figure  3.2.1  gives  an  indication  of 
the  assumed  shoreline  position  had  there  been  no  coastal  structures 
to  control  shoreline  migration.  This  line  assumes  that  reaches  of 
the  shore  are  equally  subject  to  erosion  and  that  the  Vermilion  River 
does  not  contribute  a  significant  volume  of  beach-building  sediments 
to  the  littoral  stream.  Utilizing  this  approach,  an  8100-foot  length 
of  shoreline  to  the  west  of  Vermilion  Harbor  is  judged  to  be  affected 
by  the  navigation  works.  This  sector  is  bounded  on  the  west  by  Coen 
Road.  The  area  of  influence  to  the  east  of  this  harbor  is  also  noted 
in  Figure  3.2.1.  In  this  sector,  shoreline  growth  has  occurred  in 
response  to  the  blockage  of  westerly  flowing  sediment  by  the  harbor 
structures. 

3.3  BATHYMETRIC  MAP  COMPARISON 


The  earliest  available  bathymetric  chart  of  the  Vermilion  Harbor 
region  was  published  in  1877.  This  is  approximately  40  years  after 
the  construction  of  the  Vermilion  Harbor  piers.  Numerous  lake  bottom 
sediment  samples  were  taken  during  this  survey  in  order  to  provide 
information  to  the  mariner  for  anchoring  purposes.  Inspection  of  the 
lakebed  information  contained  in  the  1877  chart  shows  that  large  areas 
of  lakebed  at  that  time  had  no  surficial  sand  cover.  This  general 
condition  is  illustrated  in  Figure  3.3.1.  (The  1877  lakebed  composition 
is  superimposed  upon  the  1979  basemap).  The  denuded  condition  of  the 
lakebed  to  the  west  of  Vermilion  Harbor  in  1877  is  clearly  evident  in 
this  figure.  During  this  same  period,  the  lakebed  to  the  east  of 
Vermilion  was  covered  entirely  by  sedimentary  material.  A  portion  of 
the  loss  of  surficial  s and  to  the  west  was  due,  undoubtedly,  to  the 
Vermilion  Harbor  piers  that  had  caused  a  partial  blockage  to  westerly 
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flowing  littoral  material  during  the  period  following  the  Vermilion 
pier  construction.  Indications  are  given  by  this  data  that  the  thick¬ 
ness  of  the  surficial  sediment  cover  in  this  general  vicinity  was 
fairly  minimal  in  1877  and  a  chart  of  1961  together  with  other  survey 
data  shows  that  virtually  the  entire  offshore  zone  to  the  east  and 
west  of  the  harbor  has  been  stripped  of  any  significant  sediment  cover 
during  the  past  100  years.  Thus,  most  of  this  area  of  lakebed  can 
be  considered  to  be  composed  of  rock  and  cobbles  that  provide  a  very 
resistant  bed  material  --  one  that  is  armored  against  future  erosion 
and  holds  no  significant  supply  of  sand  available  for  natural  beach 
replenishment. 

Bathymetric  charts  of  1877  and  1961  have  been  compared  to  pro¬ 
vide  an  understanding  of  profile  changes  that  have  occurred  during  this 
84  year  period.  Figure  3.3.2  is  presented  to  show  the  extent  of  the 
bathymetric  net  change  that  has  occurred  between  the  two  surveys.  These 
data  show  that  while  isolated  regions  of  significant  sediment  accretion 
have  occurred,  the  largest  portion  of  the  offshore  zone  has  undergone  no 
major  adjustment  during  the  period  1877-1961.  One  small  area  of  erosion 
has  also  been  identified.  It  is  apparent  that  the  lakebed  to  the  west 
of  the  harbor  in  1877  was  relatively  resistant  to  erosion  due  principally 
to  the  rock  and  very  coarse  material  that  covered  the  bottom  at  that 
time . 


Recent  trends  of  change  of  lakebed  elevation  near  Vermilion 
Harbor  were  investigated  using  the  precise  bathymetric  charts  that 
have  been  prepared  by  the  Corps  of  Engineers.  Figure  3.3.3  shows  the 
6,  12,  and  18  foot  contours  for  the  surveys  of  1935,  1946,  1967,  and 
1977.  The  area  to  the  east  of  the  harbor  entrance  shows  major  lake- 
bed  elevation  changes  within  the  zero  to  six  foot  water  depths 
during  the  past  40  years.  To  the  west  of  the  harbor,  however,  the 
bottom  contours  appear  to  have  undergone  very  little  change.  The  fact 
that  the  contours  of  the  different  surveys  do  not  overlay  perfectly 
is  probably  due  to  the  inaccuracies  associated  with  the  different 
techniques  employed  in  the  various  surveys. 
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Stanley  Consultants  (1978)  has  recently  compiled  bathymetric 
data  to  analyze  the  nearshore  change  in  the  bottom  profile  to  the  east 
of  Vermilion  Harbor.  The  location  of  the  individual  profile  lines  used 
in  the  comparison  is  shown  in  Figure  3.3.4.  The  volumetric  change  in 
the  nearshore  zone  follows  in  Figure  3.3.5  for  various  time  intervals 
both  before  and  after  the  breakwater  construction  of  1973. 

The  data  shows  that  during  the  period  1937-1971,  a  general 
erosional  trend  existed  in  the  profile  on  the  east  side  of  the  harbor 
with  a  small  accretional  zone  located  600  feet  west  of  the  west  harbor 
pier.  In  1971,  a  period  of  major  profile  accretion  began  in  the  region 
directly  to  the  east  of  the  east  pier.  This  marked  a  major  reversal 
of  the  past  trend  and  was  caused  by  updrift  erosion  induced  by  the  high 
lake  level  of  the  1971-1973  period.  This  occurrence  of  significant 
accretion  at  the  east  pier  began  prior  to  the  construction  of  the  off¬ 
shore  breakwater. 

The  data  for  the  1973-1974  period  indicates  a  continued  re¬ 
adjustment  of  the  offshore  profile  towards  accretion  at  the  east  pier 
and  erosion  along  Linwood  Beach.  The  annual  rate  at  which  sediment 
accumulated  at  the  east  pier  in  the  year  following  the  breakwater 
construction  exceeded  that  of  the  1971-1973  period  by  a  factor  of 
3.  The  profile  adjustment  precipitated  by  both  the  high  lake  level 
and  the  construction  of  the  offshore  breakwater  appeared  to  be  short¬ 
lived  and  the  period  1974-1978  saw  a  dramatic  decrease  in  the  amount 
of  profile  accretion  at  the  harbor  piers.  This  implies  that  the  beach 
required  about  2  years  to  stabilize  following  breakwater  construction. 
Similarly,  the  trend  towards  erosion  at  Linwood  Beach  during  the 
early  1970' s  has  subsided,  and  mild  accretion  has  predominated  during 
the  1974-1978  periods  along  the  eastern  portion  of  the  beach.  Directly 
to  the  west  of  the  harbor  piers,  nearshore  accretion  has  predominated 
since  1973.  This  is  not  due  solely  to  natural  littoral  processes, 
nowever,  since  mechanical  bypassing  procedures  delivered  approximately 


2000  cubic  yards  of  sand  to  this  location  in  1975  (Buffalo  District, 
personal  communication). 


Combination  of  these  data  allows  the  presentation  of  the  pre- 
versus  post-breakwater  bathymetric  profile  change.  In  the  pre-breakwater 
period  (1937-1973),  mild  accretion  was  evident  for  1500  feet  to  the  east 
of  the  harbor.  Mild  erosion  persisted  to  the  east  of  this  section  as  well 
as  directly  west  of  the  harbor  entrance.  The  post-breakwater  period  (1973- 
1978)  has  seen  a  marked  increase  in  the  accretion  in  the  area  directly  east 
and  west  of  the  piers.  The  reach  to  the  east  of  a  point  1300  feet  east  of 
the  piers  has  seen  annual  erosion  rates  that  are  somewhat  greater  than  those 
that  existed  prior  to  the  breakwater  construction.  The  recent  trend  (1974- 
1978)  over  the  eastern  half  of  Linwood  Beach,  however,  has  been  one  of  mild 
accretion. 


To  the  west  of  the  harbor,  the  pre-breakwater  period  saw  erosion 
directly  to  the  west  of  the  west  harbor  pier  with  accretion  to  a  distance 
of  600  feet  beyond.  This  pattern  has  been  reversed  since  the  construction 
of  the  breakwater  due  both  to  the  sand  impoundment  capability  of  the  harbor 
structures  and  to  the  mechanical  sand  bypassing  operation  that  was  performed 
in  1975. 


Based  on  the  analyses  of  historical  bathymetric  charts,  the  follow¬ 
ing  conclusions  have  been  made  concerning  the  nature  and  extent  of  lakebed 
elevation  changes  adjacent  to  Vermilion  Harbor: 

1)  In  1877,  the  lakebed  to  the  west  of  Vermilion  Harbor  had  a 
thin,  discontinuous  sand  cover.  Broken  rock  and  cobbles  were 
exposed  over  much  of  the  area.  To  the  east  of  the  harbor,  a 
near  continuous  surficial  sand  cover  existed  in  1877. 

2)  Bathymetric  comparison  between  charts  of  1377  and  1961  show  very 
large  expanses  within  the  study  region  where  no  significant 
bathymetric  change  has  occurred.  There  were  a  few,  isolated 
sections  of  sediment  accumulation  of  as  much  as  five  feet.  Only 
one,  minor  erosional  area  was  detected. 
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3)  Examination  of  charts  from  the  past  40  years  shows  that  the 
recent  changes  of  lakebed  elevation  to  the  west  of  the  harbor 
have  been  insignificant.  It  is  presumed,  therefore,  that  the 
majority  of  the  bathymetric  change  that  has  been  documented 
between  1877  and  1961  occurred  prior  to  1935. 

4)  Data  show  that  the  present  condition  of  the  offshore  lake- 
bed  both  east  and  west  of  Vermilion  is  one  of  isolated,  thin 
patches  of  sediment  overlaying  a  near-continuous  base  of  rock 
and  cobbles.  This  leads  to  the  belief  that  the  present 
offshore  zone  cannot  be  eroded  to  any  great  extent  and  that 
this  zone  holds  insignificant  volumes  of  sedimentary  material 
that  would  serve  to  naturally  replenish  the  beaches  of  the 
region. 

5)  Based  on  data  assembled  by  Stanley  Consultants  (1978),  the 
recent  trends  of  erosion  and  accretion  of  the  nearshore  pro¬ 
file  have  fluctuated  in  response  to  both  the  high  lake  levels 
of  the  early  1970's  and  to  the  construction  of  the  offshore 
breakwater  in  1973.  The  most  recent  trend  shows  shoreline 
stabilization  with  mild  profile  accretion  adjacent  to  the 
harbor  piers  and  on  the  easterly  half  of  linwood  Beach. 

A  central  portion  of  Linwood  Beach  is  experiencing  mild 
erosion  of  the  adjacent  nearshore  profile. 

6)  Due  to  the  lack  of  appropriate  survey  data,  a  similar  analysis 
cannot  be  conducted  to  the  west  of  a  point  located  1000  feet 
west  of  Vermilion  harbor.  In  general,  it  is  believed  that 
the  profile  west  of  the  harbor  is  relatively  bare  of  sediment 
and  major  changes  of  profile  elevation  are  not  expected. 

3.4  HISTORICAL  SHORELINE  COMPARISON,  1837-1935 

Efforts  to  develop  the  city  of  Vermilion  as  a  major  port  of  commerce 
on  Lake  Erie  began  in  the  1830's.  During  that  decade,  the  Federal 
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Government  authorized  construction  of  the  harbor  piers  to  provide  im¬ 
proved  navigation  at  the  port.  The  erosive  forces  of  Lake  Erie  became 
a  major  concern  of  lakeshore  developers  at  that  time.  The  documented 
history  of  Vermilion  underscores  this  fact. 

"During  the  decades  of  the  1 840 1 s  and  ' 50 ' s  . 

...  the  center  of  town  gradually  was  leaving  its  old 
boundaries  along  the  west  bank  of  the  Vermilion  River 
and  was  creeping  south  towards  Liberty  Street.  One 
reason  for  the  shift  in  the  limits  of  the  town  was  the 
availability  of  land.  Another  reason  was  the  gradual 
encroachment  of  Lake  Erie  upon  the  town.  When  the  first 
settlers  came  to  the  banks  of  the  Vermilion  River,  they 
found  a  wide  sand  beach  extending  from  the  mouth  of  the 
river  west  along  the  entire  length  of  the  township.  This 
beach  soon  began  to  give  way  to  the  action  of  the  waves 
of  Lake  Erie.  Within  five  decades,  many  acres  of  land 
had  been  swallowed  up  by  the  surging  billows  of  the  lake. 

When  Horatio  Perry  built  his  brick  house  in  1821,  he 
placed  it  twenty  rods  back  from  the  lake  road,  but  be¬ 
cause  of  constant  erosion  it  had  washed  into  the  lake  by 
the  late  1850's.  Captain  William  Austin's  house  and  the 
old  log  school  house  located  at  the  end  of  Main  Street 
shared  a  like  fate. 


•  By  1860,  many  of  the  lots  along  the  lake  nearly  were 
overrun  by  water.  A  number  of  the  local  residents 
believed  that  the  building  of  the  Black  Rock  Dam,  in 
1826,  as  a  feeder  for  the  New  York  and  Erie  Canal,  was 
responsible  for  the  rise  in  the  level  of  the  lake.  They 
tried  to  stop  the  advance  of  the  lake  by  building  barricades 
and  hoped  that  the  two  parallel  piers  at  the  mouth  of  the 
river  would  solve  the  problem  by  reducing  the  momentum  of  the 
waves.  All  their  efforts  were  to  no  avail. 

Thomas  A.  Smith 
Qulanie  Thepy: 

The  Golden  Age  of 

Harbourtown 

Vermi  1  ion, ~~1 837-1 879 

Figure  3.4.1  shows  historical  shorelines  adjacent  to  Vermilion 
Harbor.  Immediately  following  the  completion  of  the  harbor  piers  in 
1839,  a  dramatic  readjustment  of  the  shoreline  took  place.  Comparison 
of  the  1837  shoreline  with  that  of  1848  shows  that  this  period  saw  the 
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LAKE  ERIE 


FIGURE  3.4.1  HISTORICAL  SHORELINES,  1837-1935 


beach  width  to  the  east  increase  by  500  feet,  while  the  beach  to 
the  west  eroded  a  distance  of  100  feet.  Maps  of  the  mid-1800's 
show  that  the  bluff  and  shore  stabilized  in  roughly  these  positions 
in  less  than  10  years  following  pier  construction.  Because  the  property 
to  the  west  of  the  harbor  was  an  important  section  of  the  new,  thriving 
community,  steps  were  taken  at  that  time  to  halt  the  shore  erosion  in 
that  area.  The  rate  of  shoreline  loss  decreased  as  shore  protection 
measures  were  implemented  and  the  data  from  later  years  shows  that  gradual 
fluctuation  about  a  mean  beach  position  became  the  predominant  trend. 


Figure  3.4.2  presents  shoreline  change  rates  to  the  west  of 
Vermilion  Harbor  for  various  periods  prior  to  1935.  As  mentioned  above, 
immediate  erosion  following  the  pier  construction  of  1839  is  apparent. 
Subsequent  to  that  period,  however,  accretion  tends  to  dominate  at 
various  times.  The  long-term  trend  between  1837  and  1935  in  this  area 
is  one  of  erosion  at  1  to  2  feet/year. 

3.5  HISTORICAL  BLUFFLINE  COMPARISON,  1877-1973 

The  Ohio  Department  of  Natural  Resources  has  compiled  a 
comparison  of  the  bluff lines  adjacent  to  Vermilion,  Ohio,  between  1877 
and  1973.  The  results  of  this  comparison  are  presented  as  average 
erosion  rates  over  the  96-year  period  in  Figure  3.5.1.  This  plot 
clearly  shows  that  bluff  erosion  has  increased  as  one  proceeds  to  the 
west  from  Vermilion.  The  average  long-term  rates  of  bluff  recession 
approach  a  maximum  of  2  feet/year  at  Sherod  Park.  Due  to  the  early 
development  of  the  city  of  Vermilion  and  the  resultant  protection  that 
the  City's  bluff  received,  bluff  loss  in  the  City  was  negligible  during 
this  study  period. 

In  order  to  determine  the  contribution  of  littoral  sediments 
from  the  bluff,  an  analysis  was  undertaken  as  follows: 
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DATA  SOURCE  :  U  S.  ARMY  CORPS  OF  ENGINEERS.  BUFFALO  DISTRICT 


1)  Bluff  recession  at  100  foot  profile  increments  was 
measured  for  the  1877-1973  period. 

2)  The  present  bluff  height  was  determined. 

3)  Assuming  a  sand  content  of  15%,  the  total  volume  of  beach 
material  contributed  from  the  bluff  to  the  beach  and 
littoral  zone  was  estimated. 

The  results  of  this  procedure  are  superimposed  on  the  basemap 
in  Figure  3.5.2.  Again,  it  is  clear  that  the  majority  of  beach 
sediments  contributed  from  the  bluff  originated  at  locations  to  the 
west  of  Vermilion  where  few  coastal  protection  structures  existed 
prior  to  the  1920' s. 

3.6  AERIAL  PHOTOGRAPH  ANALYSIS,  1937-1979 

In  order  to  quantify  short-term  as  well  as  long-term  shoreline 
changes  in  addition  to  extending  the  existing  historical  data  to 
the  most  recent  point  of  time,  sequences  of  aerial  photographs  taken 
between  1937  and  1979  were  used  to  determine  successive  shoreline 
positions.  Nine  series  of  photos  covering  the  years  1937,  1949, 
1958,  1964,  1971,  1977,  1978,  1979  (spring),  and  1979  (fall)  were 
analyzed. 

A  summary  of  the  aerial  photographs  used  in  the  analysis  of 
recent  shoreline  positions  is  presented  in  Table  3,  along  with  the 
lake  levels  which  existed  at  the  time  of  photography.  The  selected 
air  photos  have  an  average  interval  of  approximately  six  years,  per¬ 
mitting  short-term  fluctuations  in  shoreline  positions  and  erosion 
rates  to  be  distinguished. 

The  air  photo  digitization  process  may  be  summarized  as 
f o 1 1 ows : 
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1.  For  each  photograph  to  be  analyzed,  a  number  of  permanent 
ground  targets  found  also  In  a  selected  "base  year" 
photograph  (generally  near  the  midpoint  of  the  period  under 
analysis)  are  identified  and  catalogued.  The  shoreline  is 
penciled  in  at  the  land-water  interface. 

2.  Each  photo  is  placed  on  a  large  electronic  digitizer  board 
and  its  pre-selected  targets  and  shoreline  are  digitized 
relative  to  an  arbitrary  digitizer  board  coordinate  system. 
Nominal  accuracy  of  the  board  is  one  thousandth  of  an  inch, 
producing  a  possible  error  of  about  0.4  feet  for  a 

1"  =  400'  scale  photo. 

3.  The  relative  position  of  each  target  is  corrected  for  the 
effect  of  parallax,  which  depends  upon  camera  height,  target 
elevation  (estimated  from  ground  survey  and  U.S.  Geologi¬ 
cal  Survey  Quadrangle  Sheets),  and  target  location  in  the 
photo  frame  (determined  automatically  by  the  computer). 

4.  All  photos  are  adjusted  to  the  scale  of  the  selected  base 
year  using  least-mean-square  checks  on  the  target  network. 

A  universal  coordinate  system  is  then  imposed  which  permits 
comparison  of  successive  shoreline  positions. 

5.  Following  selection  of  a  baseline  which  parallels  the 
coast  under  scrutiny,  relative  shoreline  positions 
are  determined  as  the  perpendicular  distance  from  this 
line. 

6.  Measured  shoreline  positions  are  corrected  for  changes 
in  lake  levels  as  dictated  by  prevailing  beach  slopes. 
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Table  3:  Air  Photo  and  Lake  Level  Summary 


YEAR  MONTH 

APPROXIMATE 
PHOTO  SCALE 

PHOTO 

LAKE  LEVEL 
( IGLD) 

DIFFERENCE 
FROM  LWD 
(568.6'  IGLD) 

DIFFERENCE  FROM 
117-YEAR  MEAN 
LAKE  LEVEL 
(570.4'  IGLD) 

1937  1;. 

1"  =  400' 

569.0 

0.4 

-1 .4 

1949  5 

1"  =  400' 

570.8 

2.2 

+0.4 

1958  7 

1"  =  400* 

570.1 

1.5 

-0.3 

1964  5 

1"  =  400' 

569.7 

1.1 

-0.7 

1971  5 

1"  =  400' 

571.7 

3.1 

+1 .3 

1977  3 

1"  =  400* 

2.0 

+0.2 

1978  4 

1"  =  400' 

572.3 

3.7 

+1 .9 

1979  4 

1"  =  400' 

571.6 

3.0 

+1.2 

1979  9 

j  1"  =  400' 

♦ 

1 _ 

572.0 

3.4 

+1 .6 

1 

I 

The  distribution  of  shoreline  stations  (hereafter  referred 
to  as  "Profiles")  for  the  present  study  is  shown  on  the  base  map, 

Figure  3.6.1.  Consecutive  profiles  are  separated  by  100  foot  intervals. 


For  each  photo,  computations  are  undertaken  to  determine  the 
distance  that  the  shoreline  lies  from  the  baseline  as  measured  along 

each  profile.  In  this  way,  shoreline  position  for  any  photo  and  shore¬ 
line  rates  of  change  (accretion  or  erosion)  between  any  two  photo 
years  can  be  determined. 

3.6.1  RECENT  TRENDS 

Along  the  study  reach,  the  shoreline  position  has  fluctuated 
in  response  to  various  natural  and  man-induced  factors  over  the  42-year 
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photo  period.  Figure  3. 6. 1.1  shows  the  position  of  the  1979  shoreline 
relative  to  the  "maximum"  (most  lakeward)  and  "minimum"  (most  shoreward) 
shorelines  that  were  measured  from  the  photos  dating  from  1937.  Along 
the  Sherod  Park  shore,  the  1979  beach  lies  at  the  most  shoreward  position 
measured  in  any  photo.  The  same  condition  exists  in  front  of  the  Marine 
Museum  in  Vermilion.  This  is  indicative  of  an  area  undergoing  active 
erosion.  Conversely,  the  reach  contained  within  profiles  50  and  70  are 
very  close  to  the  most  lakeward  position  that  they  have  achieved  in  42 
years.  This  indicates  a  trend  towards  shoreline  growth.  Other  areas  show 
that  they  are  currently  midway  between  the  lakeward  and  landward  extremes 
of  the  photo  study  period. 

The  list  of  aerial  photos  that  were  available  from  the  Buffalo 
District  for  the  shoreline  change  analysis  did  not  include  the  years 
immediately  preceding  or  following  1973 — the  year  that  the  offshore  break¬ 
water  was  constructed.  Thus,  the  photos  of  1971  and  1978-1979  must  be 
scrutinized  in  order  to  define  the  shoreline  changes  that  can  be  attributed 
to  the  breakwater. 

A  comparison  of  long-term  average  rates  of  shoreline  change  have 
been  used  to  evaluate  the  current  level  of  shoreline  stability  west  of 
Vermilion.  The  shoreline  positions  for  1949,  1971,  and  1979  have  been  re¬ 
duced  to  shoreline  change  rates  from  1949-1971  and  1949-1979  in  the  belief 
that  the  residual  will  serve  as  an  indication  of  the  changes  caused  by  the 
offshore  breakwater.  Figure  3. 6. 1.2  shows  the  shoreline  rates  for  the  two 
periods  1949-1971  and  1949-1979  for  each  profile  along  the  study  reach. 

The  extremes  for  these  two  periods  are  erosion  at  -1 .7  feet/year  at  Sherod 
Park  and  accretion  at  +2.1  feet/year  about  1200  feet  east  of  Aurora  Drive. 

The  residual,  or  difference  in  rate  between  these  two  periods,  is 
plotted  directly  below  the  shoreline  change  graph.  This  serves  to  indicate 
the  change  in  the  long-term  trend  of  shoreline  change  that  took  place  during 
the  1971-1979  period.  The  results  of  this  analysis  show  that  alternating 
trends  of  erosion  and  accretion  have  developed  since  1971  along  the  study 
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FIGURE  3.6.1  J  POSITION  OF  1979  SHORELINE  RELATIVE  TO  HISTORICAL  SHORES 


SHORELINE  CHANGE  RATE  .  1949-1979 
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reach.  The  decade  of  the  1970's  exhibited  the  highest  lake  levels  of  the 
165  year  record.  The  influence  of  the  high  lake  levels  led  to  dramatic 
shore  erosion  along  much  of  the  Great  Lakes  shoreline.  The  most  severe 
erosion  along  the  study  reach  during  this  period  occurred  at  Sherod  Park 
with  similar,  yet  less  dramatic,  beach  loss  at  profile  60  (1500'  west  of 
Perry  St.)  and  also  along  the  City  shoreline  between  the  Marine  Museum  and 
Decatur  Street.  The  trend  toward  shoreline  growth  occurred  during  the 
1971-1979  period  at  Colonial  Court  with  minor  accretion  also  to  the  west  of 
Aurora  Drive,  between  Jefferson  Street  and  Decatur  Street,  and  immediately 
west  of  the  west  harbor  pier. 

Several  major  points  are  suggested  by  the  shoreline  change  data: 

1)  Areas  of  net  accretion  are  generally  associated  with  sediment 
accumulation  up-drift  of  littoral  barriers  (groins,  concrete 
piers).  This  is  especially  evident  between  profiles  55  and  70. 
Downdrift  of  such  structures,  however,  the  shoreline  is  subject 
to  sediment  starvation  and  subsequent  erosion.  If  structural 
protection  is  not  extended  to  the  downdrift  shore,  localized 
erosion  may  develop. 

2)  In  areas  where  shoreline  fortification  is  intermittent  rather 
than  continuous,  erosion  typically  increases  downdrift  of 
the  fortified  sector. 

3)  In  the  study  area,  offshore  sand  deposits  have  been  depleted  to 
such  an  extent  that  longshore  sand  bars  are  non-exi stant . 

Consequently,  it  appears  that  the  bulk  of  the  littoral  drift 
is  concentrated  over  a  narrow  strip  of  sand  close  to  shore 
rather  than  being  distributed  over  a  wide  surf  zone  between 
the  shore  and  an  offshore  breaker  line.  Linder  this  condition, 
any  small  protrusion  extending  into  the  lake  (groin,  jetty,  pier) 
will  act  as  an  effective  littoral  barrier. 
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4.0  EVALUATION  OF  SHORELINE  RESPONSE  TO  HARBOR  STRUCTURES 

4.1  SHORELINE  CONDITION. 1:  NO  FEDERAL  HARBOR  ENTRANCE  STRUCTURES 

(Assuming  no  shore  protection  works) 

In  order  to  determine  the  influence  that  the  original  harbor  piers 
have  had  on  the  shoreline  to  the  west  of  Vermilion,  an  estimate  must  be  made 
of  the  position  of  the  shoreline  prior  to  the  construction  of  the  piers  in 
1836-39.  An  1837  map  delineates  the  shoreline  immediately  adjacent  to  the 
harbor.  Much  of  the  city  street  grid  has  not  changed  since  1837  thereby 
facilitating  the  shoreline  comparison.  Unfortunately,  a  map  of  the  Vermilion 
shoreline  of  1837  for  the  area  to  the  west  of  Decatur  Street  could  not  be 
found.  Therefore,  the  1837  shoreline  for  this  reach  had  to  be  estimated  based 
on  the  following  assumptions: 

1)  The  long-term  bluff  erosion  rate  established  at  each  profile 
(using  Ohio  Department  of  Natural  Resources  Data)  for  the  period 
1877-1973  can  be  applied  to  the  1837-1877  period.  Lakeward 
advancement  of  the  1973  bluffline  at  each  profile  by  a  distance 
equal  to  the  long-term  erosion  rate  multiplied  by  136  years 

(■  1973-1837)  yields  the  1837  bluffline. 

(A  tabulation  of  the  Ohio  Dept,  of  Natural  Resources  Bluff 
Erosion  rate  at  each  profile  is  presented  in  Appendix  A). 

2)  Once  the  1837  shoreline  has  been  determined  at  each  profile 
based  on  long-term  bluff  erosion  records,  the  1973  shoreline 
can  be  derived  for  the  "no  pier-no  protective  structure" 
condition  by  advancing  shoreward  a  distance  equal  to  the  product 
of  the  "natural  erosion  rate"  of  -1.0  feet/year  (based  on  the 
long-term  bluff  erosion  measured  in  unprotected  reaches  of  Lake 
Erie's  southern  shore)  and  the  time  interval  (136  years).  The 

use  of  the  "natural  erosion  rate"  assumes  that  virtually  no  shore¬ 
line  fortification  would  have  been  built  in  the  study  area  if  the 
piers  were  not  constructed.  This  is  due  to  the  belief  that 
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Vermilion's  early  commercial  success  and  prosperity  were 
based  on  its  busy  harbor  facilities.  Without  such  facilities, 
Vermilion's  status  as  a  lakeport  would  have  been  diminished. 

If  this  were  the  case,  the  cost  of  protecting  the  city's  shore¬ 
line  could  have  been  prohibitive  relative  to  the  resources 
available  within  the  community  for  such  improvements.  The 
estimated  1837  bluff  and  shoreline  are  plotted  on  the  maps  of 
the  actual  1973  shoreline  presented  in  Figures  4.1.1A,  B,  C  and 
0.  An  1837  beach  width  of  100  feet  at  (LWD)  is  assumed.  Fur¬ 
ther,  the  expected  bluff  for  1973  and  2023  A.D.  are  plotted  for 
the  "no  piers-no  protective  structure"  condition. 

The  expected  shorelines  for  1973  and  2023  A.D.  for  Condition  No.l 
are  not  presented  in  the  figures  to  promote  clarity.  The  beach  width  for  these 
two  years  is  assumed  to  be  50  feet  (at  LWD)  based  on  an  average  20  foot  width 
at  mean  lake  level  (+2  LWD)  and  a  1:15  nearshore  slope. 

Some  general  comments  concerning  the  comparison  of  the  1973  shore 
position  for  Condition  No.  1  ("no  piers-no  structures")  and  the  actual 
position  (as  indicated  by  aerial  photos)  are  in  order. 

1)  In  unprotected  areas  of  the  study  reach  (Sherod  Park,  for 
example)  the  shoreline  has  eroded  to  a  greater  degree  than  if 
the  harbor  piers  and  attendant  protection  works  had  never  been 
built.  This  is  due  to  the  resultant  sediment  blockage  by  the 
harbor  piers  and  the  reduction  of  bluff  erosion  resulting  from 
shoreline  fortification  along  the  reach, 

2)  From  Aurora  Drive  to  the  east,  the  shoreline  is  further  lakeward 
than  if  the  natural,  "unprotected"  condition  had  prevailed  since 
1337.  This  is  due  to  the  decrease  in  bluff  erosion  rate  caused 
by  shoreline  fortification  along  this  section  of  shore. 

3)  To  the  east  of  Vermilion  Harbor,  a  large  fillet  extends  3,000 
feet  from  the  east  pier.  This  acreage  was  created  by  the  pier- 
induced  blockage  of  westerly  flowing  littoral  drift  that  began 
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MAP  DRAWN  PROM  AERIAL  PHOTOS 

note  .  assumed  9 each  wioth  por  projected  shorelines  op  1973  and  2023  *.  0.  is  so  peet  <  at  lwd  i 


FIGURE  4JJ  A:  HISTORICAL  AND  PREDICTED  SHORELINES  -  1837, 1973,  2023  A.D. 

SHORELINE  CONOITION  NO.I:  NO  FEDERAL  ENTRANCES  STRUCTURES 

OR  PRIVATE  SHORE  PROTECTION  WORKS 
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FIGURE  4.JJ  8:  HISTORICAL  AND  PREDICTED  SHORELINES,  SHORELINE  CONDITION  NO.  I 
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following  the  pier  construction  of  1837-39.  The  area  of 
land  contained  within  this  accretional  zone  is  approximately 
20  acres. 

4.2  SHORELINE  CONDITION  2:  FEDERAL  PROJECT  WITH  HARBOR  PIERS  ONL' 

(Assuming  existence  of  private  shore  protection  works) 

The  1837  bluff  and  shoreline  positions  were  determined  using  the 
methods  specified  in  Section  4.1.  These  lines  are  superimposed  upon  the 
actual  1973  shoreline  in  Figures  4.2.1A,  B  and  C.  The  long-term  bluff 
erosion  data  (from  the  Ohio  Department  of  Natural  Resources)  and  the  shore¬ 
line  change  data  (from  air  photo  analysis)  were  combined  to  yield  the  pre¬ 

dicted  2023  A.D.  bluff  positions  noted  in  these  figures. 

Again,  a  50-foot  wide  beach  is  assumed  for  the  2023  A.D.  shore¬ 
line  based  on  the  existence  of  a  20-foot  wide  beach  at  mean  lake  level 
(+2  LWD)  and  a  1:15  nearshore  slope.  Analyses  of  recent  shoreline  changes 
show  accretion  caused  by  the  sheltering  effect  of  the  harbor  structures  along 
a  300  foot  reach  of  private  property  immediately  west  of  the  harbor.  This 
shoreline  is  expected  to  exceed  the  average  beach  width  of  50  feet  (specified 
as  the  average  value  for  the  beaches  further  to  the  west  in  the  year  2023  A.D) 

Currently,  no  public  benefit  is  gained  from  the  accretional  trend  in  this  area 

It  can  be  seen  that  the  prediction  shows  that  the  major  areas  of 
recession  will  be  located  to  the  west  of  Aurora  Drive  along  this  relatively 
unprotected  reach  of  shore.  The  areas  nearer  to  the  city  of  Vermilion  are 
expected  to  remain  more  stable  due  to  the  structural  protection  that  currently 
exists  along  this  reach.  No  change  in  the  bluff  position  is  expected  to  2023 
A.D.  throughout  most  of  the  Vermilion  shoreline  bounded  by  Decatur  Street  and 
the  harbor.  Because  the  photo  analysis  was  not  performed  for  the  shore  to  the 
east  of  the  harbor  piers,  no  quantitative  prediction  can  be  offered  for  the 
position  or  extent  of  Linwood  and  Lagoons  Beaches  in  2023  A.D. 
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FIGURE  4.2.1  A:  HISTORICAL  AND  PREDICTED  SHORELINE  -  1837, 1973,  2023  A.  D. 

SHORELINE  CONDITION  NO.  2:  HARBOR  PIERS  ONLY  AND  ATTENDENT 

SHORE  PROTECTION  WORKS 
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FIGURE  4.2J  B  HISTORICAL  ANO  PREDICTED  SHORELINES,  SHORELINE  CONDITION  NO.  2 
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FIGURE  4.2.1  C  HISTORICAL  AND  PREDICTED  SHORELINES,  SHORELINE  CONDITION  NO.  2 
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SHORELINE  CONDITION  3:  EXISTING  FEDERAL  PROJECT  (PIERS  AND  BREAKWATER) 


The  major  impacts  that  the  breakwater  construction  of  1973  has  on  the 
shoreline  to  the  west  of  Vermilion  Harbor  are: 

1)  The  naturally  bypassed  sediment  volume  flowing  to  the  west  around 
the  harbor  has  decreased  due  to  impoundment  by  the  breakwater.  Data 
prepared  by  Stanley  Consultants  (1978)  shows  that  this  bypassed 
volume  has  decreased  from  3,400  cubic  yards  annually  to  about  1,000 
cubic  yards. 

It  is  presumed  that  material  currently  bypassing  the  harbor  passes 
to  the  north  of  the  offshore  breakwater  and  does  not  significantly 
nourish  the  shore  to  the  west  of  the  harbor.  The  net  downdrift  loss 
of  2,400  cubic  yards  per  year  was  computed  from  bathymetric  chart 
comparison.  It  is  evident  in  the  Stanley  Consultants  analysis  that 
wide  variability  exists  in  the  volume  of  natural  bypassing  (as  seen 
in  Figure  3.3.5).  The  2,400  cubic  yard/year  figure  is  considered  a 
long-term  average  loss  to  the  down-drift  shore  caused  by  the  impound¬ 
ment  capability  of  the  offshore  breakwater. 

2)  The  breakwater  creates  a  portective  wave  shadow  on  the  shore 
immediately  to  the  west.  During  periods  of  northeast  storms,  wave 
attenuation  along  the  Vermilion  City  Beach  down  to  Main  Street  should 
supply  increased  shore  protection  relative  to  the  pre-breakwater 
condition . 

The  loss  of  the  small  volume  of  naturally  bypassed  sediment  caused 
by  the  offshore  breakwater  is  not  judged  to  induce  a  major  change  in  future 
shore  or  bluff  position.  The  shore  erosion  information  gained  from  the  air 
photo  analysis  (Section  3.6.1)  shows  that  no  wide-spread  comprehensive  erosion 
to  the  west  of  the  harbor  can  be  attributed  directly  to  the  breakwater.  The 
effect  on  the  downdrift  shore  caused  by  the  loss  of  material  impounded  by  the 
offshore  breakwater  (on  the  order  of  2,400  c.y./year),  is  undoubtably  "masked" 
by  the  fortified  nature  of  the  shoreline  to  the  west  of  the  harbor.  Lakefront 
properities  currently  experiencing  a  deficiency  of  littoral  supply  are  not  ex¬ 
periencing  shore  erosion  due  to  the  existence  of  privately-constructed  shore 
protection  works . 
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Based  on  these  considerations,  the  predicted  shore  and  bluff 
positions  for  2023  A.D.  are  unchanged  from  those  derived  from  the  analysis 
of  the  "no  breakwater"  condition  (Condition  No.  2,  Section  4.2).  Therefore, 
the  position  of  the  2023  A.D.  bluff  for  Condition  No.  3  is  presented  in 
Figure  4.2.1  A-C. 

It  has  been  stated  previously  that  the  shoreline  to  the  east  of 
the  harbor  readjusted  to  a  relatively  stable  position  within  two  to  three 
years  of  the  breakwater  construction.  Stabilization  of  the  west  shore  has 
been  masked,  however,  due  to  the  mechanical  bypassing  of  small  quantities  of 
sediment  from  east  to  west  around  the  harbor.  Due  to  the  lack  of  adequate 
survey  information,  it  is  impossible  to  determine  the  length  of  time  required 
for  the  western  shoreline  to  stabilize  following  breakwater  construction,  but 
it  is  believed  that  such  readjustment  took  about  three  years  for  completion 
(the  extended  period  caused,  in  part,  by  the  mechanical  bypassing  operation  ). 

A  comparison  of  bluffline  position  for  Conditions  1,  2,  and  3  is 
presented  in  Section  5. 

4.4  SEDIMENT  BUDGET 

The  determination  of  a  sediment  budget  for  a  reach  of  coastline  is 
a  bookkeeping  technique  to  assess  the  various  input,  output,  and  storage  paths 
that  sediment  can  take  within  a  littoral  system.  This  is  particularly  useful 
in  establishing  a  reliable  estimate  of  the  quantity  of  littoral  drift. 

The  principle  gains  and  losses  to  the  littoral  system  along  a  reach 
of  coast  are  as  follows : 

1)  Longshore  Sediment  Transport  (Littoral  Drift),  Sediment  can 
move  into  or  out  of  a  coastal  control  volume  by  this  mode  of 
transport . 

~)  Loss  to  Lake  Bottom  Below  -  12  Feet  (LND).  Sediment  is  assumed 
to  be  irretrievably  lost  to  the  lake  floor  when  it  passes  below 
the  12-foot  water  depth.  (CERC  Misc.  Paper  2-75,  1975). 


3)  Diversion  to  Offshore  by  Structure,  A  major  sediment  barrier 
built  on  the  coast  can  initially  trap  sediment  and  later, 
once  the  trapped  sedminet  has  built  out  to  the  structure's 
lakeward  extremity,  direct  it  lakeward.  If  this  offshore 
diversion  reaches  to  depths  greater  than  12  feet,  then  the 
diverted  sediment  will  be  lost  from  the  system. 

4)  Bluff  and  Shoreline  Contribution.  If  a  bluff  erodes,  the 
sedimentary  material  lost  from  the  bluff  will  be  added  to  the 
littoral  stream.  Because  the  main  portion  of  the  bluff  in  the 
Vermilion  area  contains  fine-grained  sediment,  only  a  small 
percentage  (estimated  to  be  15%)  will  contribute  to  the  littoral 
drift  along  these  shores.  While  a  bluff  can  only  erode,  shore¬ 
lines  can  erode  or  accrete.  In  the  case  of  erosion,  the  material 
lost  by  the  beach  is  gained  by  the  littoral  stream.  Conversely, 
beach  accretion  implies  a  loss  of  material  from  the  littoral 
stream. 

5)  Profile  Contribution.  A  lake  bottom  composed  of  sedimentary 
material  can  erode  or  accrete  between  the  surf  zone  and  the  12 
foot  contour.  Accretion  in  the  profile  is  seen  as  a  loss  from 
the  littoral  stream.  Likewise,  if  a  profile  erodes,  a  portion 
of  the  eroded  volume  is  gained  by  the  littoral  stream  while  the 
remainder  is  lost  offshore.  Thus,  the  nearshore  profile  can  be 
considered  a  site  of  temporary  storage  of  littoral  material. 
Man-induced  losses  in  the  profile  caused  by  dredging  must  also 
be  considered  in  this  analysis. 

The  components  listed  above  are  illustrated  schematically  in  Figure 

4.4.1  . 

By  assessing  the  various  components  of  the  littoral  system  on  a 
reach  by  reach  basis,  an  estimate  of  the  littoral  drift  at  any  given  location 
can  be  estimated. 
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FIGURE  4.4.1  :  PROCESSES  INFLUENCING  SEDIMENT  BUDGET 


Attempts  to  accurately  develop  a  sediment  budget  for  the  shoreline 
to  the  west  of  Vermilion  have  been  hampered  by  the  total  lack  of  any  recent 
bathymetric  survey  data  along  this  reach.  Thus,  one  vital  component  of  the 
sediment  budget— the  gain  or  loss  of  material  in  the  nearshore  profil e--cannot 
be  computed.  Additionally  the  littoral  zone  in  which  sediment  flows  along 
this  shore  is  not  continuous,  being  interrupted  at  various  intervals  by 
structures  that  act  to  varying  degrees  as  littoral  barriers. 

The  results  of  the  sediment  budget  analysis  presented  by  Stanley 
Consultants  (Figure  3.3.5)  were  derived  from  close  scrutiny  of  precise  bathy¬ 
metric  surveys  adjacent  to  Vermilion  Harbor.  This  data  shows  that  the  annual 
average  sediment  volume  that  bypasses  Vermilion  Harbor  from  the  east  to  the 
west  has  decreased  from  3,400  C.Y./year  to  1,000  C.Y./year  since  1973,  due 
primarily  to  the  construction  of  the  offshore  breakwater.  As  stated  previously, 
it  is  believed  that  the  majority  of  the  volume  currently  being  naturally  by¬ 
passed  travels  to  the  north  of  the  offshore  breakwater  and  does  not  provide 
significant  nourishment  to  the  downdrift  shore.  To  put  these  sediment  volumes 
in  perspective,  the  littoral  drift  quantity  that  exists  to  the  west  of  Vermilion 
Harbor  (believed  to  be  on  the  order  of  a  few  thousand  cubic  yards  per  year)  can 
be  compared  to  other  coastal  environments.  An  open  section  of  ocean  coast¬ 
line  may  exhibit  littoral  drift  quantities  that  exceed  one  million  cubic  yards/ 
year.  On  Lake  Michigan,  coastal  areas  north  of  Chicago  are  now  experiencing 
littoral  drift  quantities  of  100,000  cubic  yards/year.  By  any  standard  all 
qualitative  and  available  quantitative  data  indicate  that  the  magnitude  of 
littoral  drift  existing  in  the  shore  sector  west  of  Vermilion  Harbor  is 
exceptionally  small  and  comparable  to  the  range  of  data  collection  error  of 
the  various  surveys  that  would  be  used  for  sediment  budget  calculation. 

Fluctuation  of  lake  level  may  precipitate  fluctuations  in  drift 
quantity  via  shore  erosion  and  accretion.  The  average  annual  rate  of  sediment 
input  from  bluff  erosion  between  Coen  Road  and  the  harbor  has  been  computed 
to  be  only  670  cubic  years  of  sand;  the  majority  of  this  volume  originating 
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from  the  bluffs  to  the  west  of  the  city.  (Bluff  sediment  computation  contained 
in  Appendix).  Again,  this  value  underscores  the  lack  of  sediment  available 
for  natural  beach  replenishment.  This  fact,  coupled  with  the  total  lack  of 
acceptable  bathymetric  data  in  the  study  reach,  yields  the  conclusion  that 
the  computation  of  a  reliable  sediment  budget  is  not  possible  along  the  lake- 
shore  to  the  west  of  Vermilion. 
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5.0  IMPACT  OF  HARBOR  ENTRANCE  STRUCTURES 


Based  on  the  bluff  and  shoreline  change  analyses  conducted  in 
this  study,  future  losses  of  shorefront  acreage  can  be  determined.  In 
the  course  of  this  investigation,  it  was  found  that  certain  sections  of 
the  study  reach  have  experienced  recent  trends  of  accretion  as  well  as 
erosion.  (See  Figure  3. 6. 1.2).  The  reaches  exhibiting  shoreline  growth 
since  1973  are  associated  with  the  shadow  zone  created  by  the  recently 
constructed  breakwater  and  with  various  other  man-made  shore  protection 
works  that  serve  as  effective  impoundment  structures.  The  long-term 
trend  in  the  unfortified  bluffs  of  the  study  reach  is  clearly  one  of 
erosion,  however,  and  the  quantification  of  these  losses  to  the  year  2023 
A.D.  must  be  based  on  considerations  of  erosion  rates  that  reflect  the 
long-term  trend.  In  areas  of  recent  fortification  efforts,  an  attempt 
was  made  to  determine  the  future  performance  of  these  structures  in 
regards  to  their  anticipated  effect  on  the  existing  long-term  trend. 

The  damages  associated  with  shore  recession  are  the  following  varieties: 

1)  Loss  of  recreational  usage  on  the  public  lands  of  the 
study  reach.  These  public  lands  include  the  550-foot 
long  reach  containing  Vermilion  City  Beach  and  the 
Marine  Museum  property  and  the  1300  foot  length  of 
Sherod  Park. 

2)  Loss  of  residential  property  (both  land  and  structures) 
that  is  anticipated  by  2023  A.D.  if  existing  long-term 
erosion  trends  continue. 

3)  Loss  of  property  value  for  properties  adjacent  to 
eroding  areas  but  not  directly  threatened  by  erosion. 

This  can  be  translated  to  a  loss  of  income  to  state 
and  local  governments  as  property  values  decrease 
through  the  loss  or  perceived  future  loss  of  a 
limited  number  of  properties  of  the  area. 

4)  Loss  of  tax  revenue  to  the  Federal  government  caused 
by  a  major  erosion-induced  property  loss  that  results 


5-1 


r 


in  decreased  income  tax  liability  for  the  affected 
taxpayer. 


5)  Loss  of  area  aesthetics  and  community  well-being. 

6)  Loss  of  local  citizens'  "peace  of  mind"  as  their 
properties  or  neighboring  properties  are  con¬ 
stantly  threatened  by  persistent  shore  erosion. 

For  the  purpose  of  this  study,  only  the  first  two  categories  of  erosion 
damages  are  considered  tangible  and  quantifiable.  Therefore,  the  com¬ 
putation  of  future  erosion-induced  losses  will  be  limited  to  those 
attributed  to  recreation  losses,  loss  of  residential  structures,  and 
loss  of  residential  land.  A  complete  documentation  of  the  methods 
used  to  compute  these  losses  is  contained  in  Appendix  F. 

Estimates  of  bluff  loss  have  been  determined  for  Condition 
No.  2  (Condition  No.  3  is  the  same  as  Condition  No.  2)  by  measuring 
from  the  actual  1973  bluff  to  the  2023  A.D.  bluff.  The  Condition  No. 

1  bluff  that  is  predicted  for  2023  A.D.  is  also  presented  showing  the 
effect  that  the  harbor  structures  as  well  as  the  private  shore  protection 
works  have  on  future  bluff  position.  Future  loss  calculation  is  not 
measured  from  this  Condition  No.  1  bluffline,  however,  since  tnis  con¬ 
dition  is  truly  hypothetical.  A  composite  drawing  showing  the  pre¬ 
dicted  bluffline  in  the  year  2023  A.D.  for  Conditions  1,  2,  and  3  is 
presented  in  Figures  5.0.1A-C.  The  actual  1973  bluff  and  shoreline 
are  also  shown. 

The  value  of  the  expected  annual  loss  of  recreational  usage 
at  Sherod  Park  and  City  Beach  was  determined  using  the  methods  set 
forth  in  Appendix  F  utilizing  the  guidance  provided  by  Buffalo  District 
personnel.  Because  virtually  no  attendance  data  were  available  for 
either  Sherod  Park  or  City  Beach,  a  number  of  subjective  judgments 
were  made  to  determine  the  value  of  such  pertinent  factors  as  park 
utilization,  season  of  usage,  expected  growth  in  future  demand  for 
recreational  resources,  and  the  monetary  "value"  that  can  be  attributed 
to  a  visit  to  each  of  these  public  parks  even  though  at  the  present 
time,  no  fee  for  visitation  is  charged.  A  comprehensive  discussion  of 
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the  methods  used  to  compute  the  future  losses  in  recreation  if  the  existing 
shore  erosion  continues  is  contained  in  Appendix  F.  In  summary,  the 
expected  average  annual  recreational  losses  caused  by  existing  erosion 
at  Sherod  Park  are  $3,026  and  at  City  Beach  are  $83.  These  losses  are  based 
on  the  assumed  value  of  a  visit  to  these  parks  equal  to  $1 .75/visit  at 
Sherod  Park  and  $1.50  at  City  Beach  that  was  computed  using  the  accepted 
government  document  that  specifies  the  method  of  computation  based  on  a 
number  of  criteria  (Water  Resources  Council,  1975). 

The  future  value  of  erosi on- i nduced  losses  to  residential 
structures  was  also  computed,  as  shown  in  Appendix  F.  If  a  recession  line 
to  2023  A.D.  as  shown  in  Figures  5.0.1A-C  passes  through  a  structure,  it 
is  assumed  that  that  structure  will  be  adversely  affected  by  the  ongoing 
shore  erosion  processes  active  at  its  location.  One  may  assume  that 
either  the  structure  will  be  abandoned  and  lost  to  the  lake  in  the  future, 
or  that  at  some  point  prior  to  structure  loss,  the  bluff  upon  which  the 
structure  rests  will  be  stabilized  by  the  homeowner.  The  shoreline  change 
analysis  performed  in  this  study  has  allowed  the  identification  of 
structures  that  will  be  adversely  impacted  by  erosion  prior  to  2023  A.D. 
3ased  on  the  belief  that  shore  and  bluff  protection  is  less  costly  than 
the  total  loss  of  a  structure  to  the  lake,  the  future  cost  of  structure 
loss  can  oe  measured  in  terms  of  the  cost  of  bluff  protection  at  some  time 
orior  to  trie  inundation  of  the  structure's  foundation.  For  the  purpose 
of  this  calculation,  it  nas  been  assumed  that  at  the  time  the  bluff 
retreats  to  within  ten  feet  of  the  structure,  a  100-foot  long  armor, 
stone  revetment  will  be  constructed  by  the  homeowner  at  the  base  of  the 
bluff.  The  approximate  cost  of  this  construction  in  1980  is  535,000,  as 
:omputed  in  Appendix  F.  Thus,  future  structure  losses  car.  be  considered 
to  oe  a  number  of  cash  outlays  (equal  to  $35,000  in  1980)  in  future  years 
by  the  owner  of  eacn  threatened  structure.  By  establishing  a  "present 
value"  of  eacn  of  these  individual  expenditures,  a  total  present  value 
of  all  expenditures  can  be  determined  and  subsequently  amortized  over  the 
ntAt  fifty  year  period  using  an  annual  interest  rate  of  7-1/8  percent. 

This  amortization  yields  the  average  annual  value  of  future  damage  caused 
to  residential  structures  oy  shore/bluff  erosion.  This  can  be  considered 
tne  average  annual  benefit  of  any  erosion  mitigation  scheme  that  will  stop 
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the  ongoing  erosion  processes  and  thereby  eliminate  the  need  for  future 
shore  protection  expenditures  by  private  interests  along  the  study  reach. 
Complete  documentation  and  computations  of  the  benefits  attributed  to 
structure  preservation  are  contained  within  Appendix  F.  The  average 
annual  benefit  computed  that  is  attributed  to  the  protection  of  private 
structures  along  the  study  reach  is  estimated  to  be  $7,700. 

The  value  of  the  anticipated  loss  of  residential  property  has 
been  estimated  using  information  gained  from  various  real  estate  brokers 
in  Vermilion.  The  general  opinion  is  that  while  there  currently  exists  a 
wide  range  of  costs  for  lakefront  homes  in  the  study  area  ($30,000-$250,000+) , 
there  is  an  extremely  high  demand  for  lakefront  property.  There  is  no  unde¬ 
veloped  private  lakefront  in  the  study  area.  East  of  the  harbor,  however, 
undeveloped  lakefront  lots  having  dimensions  of  90‘  x  200'  are  currently 
being  sold  for  about  $40,000.  This  equates  to  $2.25  per  square  foot  and  it 
is  this  unit  cost  that  is  used  to  determine  the  value  of  the  bluff  property 
lost  due  to  coastal  erosion  to  the  year  2023  A.D.  Close  inspection  of  the 
erosional  trend  along  the  study  reach  shows  that  an  average  annual  area  of 
4,190  square  feet  of  residential  property  is  currently  eroded  from  the  bluff 
(see  Appendix  F).  Applying  a  unit  value  of  $2. 25/square  foot  for  this  loss, 
the  annual  residential  land  loss  along  the  study  reach  is  $9,428. 

5.1  ESTIMATED  DAMAGE  FOR  SHORELINE  CONDITION  NO.  2  (Harbor  Piers 

Only)  AN0  SHORELINE  CONDITION  NO.  3  (Harbor  Piers  and  Breakwater) 

As  mentioned  in  Section  4.3,  the  future  shore  and  bluff  losses 
to  the  west  of  Vermilion  Harbor  are  not  altered  measurably  by  the  offshore 
breakwater.  Therefore,  the  future  losses  for  Conditions  2  and  3  are  con¬ 
sidered  to  be  equivalent  and  are  estimated  to  the  year  2023  A.D.  in  Table  4. 

Aerial  photos  taken  since  the  breakwater  construction  show  a 
trenc  .ends  shoreline  accretion  along  the  beach  immediately  west  of 
Vermilion  Harbor.  (See  Figures  3.3.5  and  3. 6. 1.2).  This  is  due  to  the 
sheltering  effect  of  the  harbor  structures  that  prohibits  the  westerly 
transport  of  littoral  material  out  of  this  region  during  northeast  storm 
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Loss 

Value  Of 

Ave. 

Annual 

To  2023  A.D. 

Loss  To  2023 

Loss 

I.  LOSS  OF  RECREATIONAL  USAGE+ 

A.  Sherod  Park 

94,500  SF 

$151,290 

S3, 026 

B.  Vermilion  City  Beach/ 

Museum  Property 

3,000  SF 

4,125 

83 

II.  LOSS  OF  RESIDENTIAL  LAND* 

(Unit  Value  =  52.25/SF  Based 
on  1980  Real  Estate  Data) 

209,500  SF 

471 ,375 

9,428 

III. LOSS  OF  RESIDENTIAL  STRUCTURES+ 

( 6  Structures) 

104,610* 

7,700 

1980  Dollars 

+  Computation  Contained  in  Appendix 
*  Present  worth,  annualized  by 
i  =  7-1/8  oercent,  n  =  50  years 

TOTAL 

$  731,400 

$20,237 

F 

TABLE  4  :  EXPECTED  LOSSES  ,  1973-  2023  A.D. 

Shoreline  Condition  No.  2  and  Shoreline 
Condition  No.  3 

events.  Because  this  beach  growth  occurs  on  private  property,  no  public 
benefit  is  received. 

It  can  be  added  that  the  existence  of  the  harbor  piers  has 
created  substantial  benefits  for  the  shore  immediately  east  of  Vermilion 
jaroor.  As  snown  in  Figure  4.1.1  D,  sediment  blockage  at  the  east  pier  has 
created  a  Darcel  of  land  of  approximately  20  acres.  Landward  of  this 
accreted  beach,  numerous  homes  and  summer  cottages  have  been  constructed. 
The  benefits  attributed  to  the  shore  protection  that  this  beach  provides 
to  upland  properties  are  considered  to  be  "intangible"  for  this  economic 
analysis  and  cannot  be  considered  to  compensate  for  shoreline  damage  on 
tne  west  side  of  the  harbor  attributable  to  the  navigation  structures. 


6.0 


MITIGATION  OF  SHORELINE  DAMAGE 


6.1  GENERAL 

The  consideration  of  actions  to  mitigate  shoreline  damage  to 
the  west  of  Vermilion  Harbor  is  based  on  the  evaluation  of  the  harbor 
structures  influence  on  the  shoreline  changes  identified  in  Section  4.0. 

In  summary: 

o  Coen  Road  is  considered  to  be  the  limit  of  shoreline  influ¬ 
ence  of  the  Federal  navigation  works  to  the  west  of 
Vermilion  Harbor.  This  reach  contains  approximately  8,100 
feet  of  shoreline  west  of  the  west  pier  structure. 

o  The  effects  of  the  navigation  works  on  this  shoreline  prior 
to  the  construction  of  the  offshore  detached  breakwater  were 
to  aggravate  an  existing  erosional  condition.  The  new  rate 
of  erosion  averaged  over  approximately  40  years  of  aerial 
photo  coverage  was  calculated  to  be  1.4  feet/year  for 
stretches  of  shoreline  which  have  not  been  privately  pro¬ 
tected.  This  rapid  erosion  did  not  occur  in  the  shore 
areas  just  west  of  the  west  piers,  however,  because  private 
protective  works  were  constructed  as  the  city  of  Vermilion 
expanded  to  the  west  from  the  harbor.  Only  in  the  unpro¬ 
tected  shoreline  area  near  Sherod  Park  is  this  erosion 
evident.  In  comparison,  a  "natural  erosion  rate"  for  this 
area,  had  there  been  no  navigation  or  private  protective 
structures,  was  estimated  at  1.0  ft. /yr  based  upon  approxi¬ 
mately  100  years  of  Ohio  Oi vis  ion  of  Geological  Survey 
data. 

Therefore,  tne  portion  of  the  total  erosion  attributable  to 
the  Federal  Navigation  works  alone  is  estimated  to  be  29  per¬ 
cent  of  the  total  erosion.  For  this  reason,  the 

total  loss  values  shown  in  Table  4  must  be  decreased  to  29 
percent  of  the  total  to  express  the  damage  caused  by  the 
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harbor  structures  alone.  Thus,  the  average  annual  loss 
attributable  to  the  Federal  navigation  structures  under 
existing  conditions  at  Vermilion  Harbor  is  $5,870  (=  29 
percent  of  $20,237,  the  total  damage  given  in  Table  4). 

In  future  sections  of  this  report,  these  losses  will  be 
treated  as  project  benefits  for  the  various  erosion 
mitigation  measures  proposed.  At  that  time,  the  specific 
losses/benefits  that  apply  to  each  mitigation  alternative 
will  be  di scussed. 

o  In  the  brief  period  since  the  construction  of  the  offshore 
detached  breakwater,  no  net  effect  of  this  new  navigation  work 
can  be  surmised.  Local  effects  of  this  breakwater  are  apparent 
due  to  its  "shadow"  effect  for  waves  from  the  northeast.  These, 
however,  are  limited  to  a  redistribution  of  beach  material  in 
the  Marine  Museum/City  Beach  area  causing  a  sand  fillet  to  develop 
adjacent  to  the  west  pier.  The  offshore  breakwater  has  had  such  a 
limited  effect  on  the  shoreline  west  of  Vermilion  Harbor  mainly 
because  its  sole  influence  has  been  to  further  limit  the  small 
amount  of  littoral  material  (3,4 00  C.Y./year)  that  previously 
bypassed  the  harbor  piers. 

There  may  appear  to  be  no  apparent  damage  (erosion)  of  some 
sections  of  shoreline  west  of  Vermilion  Harbor  in  recent  years  due  to  the 
private  protective  works  built  in  this  area.  However,  mitigation  for  the 
3100  feet  of  shoreline  west  of  Vermilion  Harbor  should  be  considered  in  light 
of  oast  damages  and  in  anticipation  of  future  effects  of  the  Federal  navigation 
works. 

The  alternatives  which  will  be  considered  in  this  study  for 
mitigation  of  shoreline  damages  will  be  combinations  of  the  following  methods: 

o  Beach  Restoration  -  A  onetime  beach  widening  program  to  replace 
what  natural  forces  have  removed  due  to  the  deficiency  of 
littoral  material  that  has  been  blocked  by  the  navigation  works. 


A  widened  beach  reduces  lake-induced  bluff  erosion. 

o  8each  Nourishment  -  A  continuing  program  which  will  annually 
place  in  the  littoral  zone  beach  material  that  will  compensate 
for  the  erosion  that  is  attributable  to  the  Federal  navigation 
works . 

o  Structural  Modification  -  To  prevent  the  beach  material  placed 
during  restoration  and  nourishment  procedures  from  being 
rapidly  eroded  away  and/or  to  structurally  protect  the  shore¬ 
line  from  additional  erosion  in  the  future. 

Computations  performed  in  the  economic  analysis  of  each  alternative 
are  shown  in  Appendix  F  of  this  report. 

6.2  ALTERNATIVE  I  -  8each  Nourishment  (Maximum  Federal  Responsibility) 

This  alternative  plan  involves  the  following  features: 

o  Construction  of  a  new  210  foot  long  groin  just  west  of  the 
Marine  Museum; 

o  A  20  ft.  wide  beach  restoration  for  360  feet  east  of  this  new 
groin; 

o  A  20  ft.  wide  beach  restoration  west  of  the  new  groin  extending 
to  Coen  Road;  and  _ 

o  A  beach  nourishment  program  which  will  deposit  2123  cubic  yards 
of  suitable  material  per  year  in  three  equal  708  cubic  yard 
portions  at  stations  29,  52,  and  74  between  the  new  groin  and 
Coen  Road. 

See  Figure  5.2.1  for  Alternative  I  physical  features.  The  compu- 
computations  which  support  this  analysis  are  contained  within  Appendix  E. 

The  construction  of  the  new  groin  at  the  Marine  Museum  is  con¬ 
sidered  to  be  a  necessary  part  of  the  maximum  Federal  responsibil ity.  This 
groin  will  be  located  and  orientated  such  that  it  will  only  allow  the  movement 


of  restoration  and  nourishment  material  to  shorelines  west  of  its  location 
(885  feet  west  of  the  west  pier).  If  this  groin  were  not  placed  here,  waves 
from  westerly  directions  would  drive  the  newly  placed  material  easterly  and 
into  the  "shadow"  zone  behind  the  offshore  breakwater.  This  material  would 
be  unavailable  for  transport  back  to  the  west  when  the  wave  climate  changes 
and,  therefore,  larger  quantities  of  nourishment  material  would  be  needed  to 
accomplish  the  mitigation  objectives. 

An  additional  effect  of  the  groin  would  be  to  provide  protection 
for  the  pocket  beach  located  between  the  groin  and  the  west  harbor  pier.  In 
this  area  a  360  ft.  portion  of  City  Beach  and  property  fronting  the  Museum 
will  be  restored  to  negate  effects  of  past  erosion.  The  shoreline  within  this 
pocket  will  be  very  stable  being  sheltered  from  northeast  and  northwest  waves. 

West  of  this  groin  to  Coen  Road,  a  20- foot  wide  beach  will  be 
restored  to  compensate  for  past  erosion  caused  by  the  Federal  navigation  works. 
This  will  not  only  provide  much  needed  beach  material  in  the  littoral  zone, 
but  it  will  also  provide  a  degree  of  protection  to  the  bluffs  behind  the  beach 
by  expending  wave  energy  seaward  of  the  bluff  face. 

Periodic  nourishment  of  the  shoreline  west  of  the  Marine  Museum 
groin  is  the  key  element  in  this  mitigation  plan.  This  feature  provides  for 
an  amount  of  nourishment  equivalent  to  the  amount  of  material  eroded  due  to 
the  presence  of  the  navigation  works.  This  is  the  difference  between  the 
aggravated  erosion  rate  caused  by  the  navigation  structures  and  the  natural 
erosion  rate  of  this  stretch  of  shoreline  had  no  structures  been  built.  The 
U.S.  Army  Corps  of  Engineers  has  concluded,  at  least  for  the  proposed  mitigation 
measures  east  of  Vermilion  Harbor,  that  periodic  nourishment  of  this  type  is 
within  the  scope  of  Section  111  authority. 

The  amount  of  nourishment  was  found  by  comparing  the  aggravated 
erosion  rate  of  1 .4  feet/year  to  the  natural  erosion  rate  of  1 .0  feet/year 
and  determining  the  equivalent  amount  of  beach  material  in  cubic  yards  per 
year  needed  to  make  up  the  0.4  ft./yr.  difference  over  the  approximately  7100 
feet  of  shoreline  from  Coen  Road  to  the  Museum  groin.  It  was  further  determined 


that  more  than  one  nourishment  area  would  be  needed  for  the  proper  dispersal 
of  this  material  by  natural  processes.  Accordingly,  a  cursory  examination 
of  tne  area  led  to  the  choice  of  three  sites  for  possible  nourishment  deposits. 
These  suggested  locations  are  at  stations  29,  52  and  74  on  the  layout  map 
(Figure  6.2.1).  However,  subsequent  detailed  analysis  of  access  routes  may 
lead  to  other  choices. 

Three  sources  of  material  for  the  restoration  and  nourish¬ 
ment  programs  have  been  identified  but  only  one  appears  to  be  feasible 
at  this  time.  These  are: 

o  Material  bypassed  from  the  fillet  east  of  the  Vermilion 
East  Pier; 

o  Material  dredged  from  the  harbor  approach  channels  as  part 
of  normal  harbor  maintenance;  and 

o  Material  brought  in  from  an  outside  source  either  dredged 
from  lake  deposits  or  trucked  in  from  local  sources. 

The  first  source  is  being  considered  by  the  Buffalo  District  for 
back-oass  operations  to  Linwood  Beach  if  local  approval  can  be  obtained.  The 
second  source  has  been  declared  unsuitable  in  recent  (July  1978  and  October 
1979)  Corps  surveys  in  the  area.  Thus,  external  sources  of  sand  are  presently 
the  primary  alternative  and  cost  estiamtes  for  the  mitigation  plans  are 
calculated  accordingly. 

Detailed  design  caluclations  and  cost  estimates  are  provided  in 
Appendix  E  of  this  report,  however,  a  summary  of  the  cost  analysis  is  pre¬ 
sented  in  Table  5.  The  first  three  features  of  Alternative  I  are  one  time 
construction  items  that  include  blanket  and  armor  material  for  the  Museum 
groin  construction,  1087  cubic  yards  of  beach  fill  to  restore  the  Museum/ 

City  Beach  area,  and  12,940  cubic  yards  of  beach  fill  to  restore  the  shoreline 
between  the  Museum  groin  and  Coen  Road.  After  appropriate  contingencies  and 
fees  are  applied  to  these  items,  a  total  first  cost  for  these  features  comes 
to  3233,300. 
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TABLE  5 

ALTERNATIVE  ! .  COST  COMPUTATION 

Uni  t 

first  Costs: 

Quantity  Frice 

Cost 

Marine  Museum  Groin  1 

31anket  Material 

500  C.Y.  527/C .i 

1  3500 

Head  Armor 

S3  Tons  23/Ton 

1750 

Trunk  Armor 

560  Tons  33/Ton 

33  sao 

Museum/City  3eacn  Restoration 

1 ,387  C.Y.  1C/C.Y 

1 0370 

Shoreline  Restoration 

12,340  C.Y.  10/C.Y 

129400 

Suototai 

187200 

Contingency  (155) 

23080 

Subtotal 

21  5280 

Sngineering/Oesign  (205) 

430S6 

Supervision/Inspection  (65  ) 

12917 

Overhead  (5.55) 

1  2056 

Total  First  Cost: 

S283.300 

Annual  Costs: 

Annual  Cost.  First  Cost  Items  ( 

i*7  'Q,n»50  /rs.,CRF*0. 

07361  ) 

520,350 

Maintenance  Costs  1 

5"  of  First  Cost  of  3rom 

4.  -ees 

2,550  1 

1  3eacn  Nourisnment  | 

Maximum  Federal  Participation  (2123  C.Y. 3  510/C. < 

.  ) 

21  , 230 

*0TAl  ANNUAL  COST 

545,530 

Utilizing  an  interest  rate  of  7  1/8  percent,  with  a  50  year  useful 
life,  the  annual  cost  of  investment  would  be  $20,850.  To  this  annual  cost 
must  be  added  the  estimated  annual  maintenance  costs  of  S%  on  the  first  cost 
of  all  fixed  structures  of  $3,550.  The  remaining  cost  feature  of  the  Alternative 
I  plan  is  the  annual  cost  of  beach  nourishment  estimated  to  be  $21,230  for 
2123  cubic  yards  of  beach  fill  per  year.  This  brings  the  total  annual  cost 
of  Alternative  I  mitigation  plan  to  $45,630. 


Benefits  derived  from  this  mitigation  plan  are  based  primarily  upon 
the  degree  to  which  the  plan  postpones  or  counteracts  the  expected  losses 
calculated  in  Section  5.0  (Impact  of  the  Harbor  Structures).  The  analyses 
that  support  these  benefit  calculations  are  contained  in  Appendix  F. 

Because  of  the  construction  of  the  Marine  Museum  groin,  the  expected 
loss  of  3,000  square  feet  of  beach  fronting  the  Museum  and  City  Beach  will 
be  prevented.  Due  to  the  protection  that  this  groin  affords,  the  20  foot  x 
360  foot  beach  restoration  in  the  City  Beach  area  will  be  maintained  over  the 
project  life  and  will  provide  a  recreational  beach  use  benefit. 

Sherod  Park,  at  the  west  end  of  the  8100  foot  zone  of  influence  of 
the  navigation  structures,  is  another  public  area  whose  protection  will  provide 
recreational  benefits.  Because  of  the  20  foot  wide  shoreline  restoration  and 
beach  nourishment  program,  the  erosion  at  Sherod  Park  will  be  stopped  for  the 
first  20  years  while  the  restored  beach  protects  the  bluff.  Thereafter,  for  the 
remaining  30  years  of  project  life,  the  erosion  will  continue  but  at  the  lower 
natural  erosion  rate  (=  1  ft/year)  because  of  the  beach  noruishment  program. 

The  average  annual  benefit  for  protection  of  existing  recreational  land  at 
these  two  parks  is  $902  ;  the  recreational  benefit  for  the  proposed  beach  con¬ 
struction  is  $28,912. 

An  added  benefit  is  derived  from  the  reduced  rate  of  loss  of  residen¬ 
tial  land  and  structures  on  the  private  property  between  the  west  pier  and 
Coen  Road.  The  annual  benefits  for  protection  of  residential  land  (=  S 9428 ) 
and  residential  structures  (=  $7700)  is  .17,123,  however,  only  29%  of  this 
total  can  be  applied  to  the  mitigation  of  Federal  structure-induced  damage, 
"here^ore,  this  benefit  is  reduced  to  $4,967  for  the  economic  analysis. 

The  total  annual  average  benefits  of  mitigation  Alternative  I  are 
thus  $34,731.  The  estimated  benefit/cost  ratio  is  $34,781/345,630  or  0.76. 

5.3  ALTERNATIVE  II  -  Beach  Nourishment:  Optimum  Plan 

This  alternative  plan  involves  the  same  four  features  outlined  for 
41 ternati ve  I  pi  an  plus: 


o  A  beach  nourishment  program  which  will  replace  on  an  annual  basis 
the  amount  of  sand  eroded  by  natural  forces  at  the  pre-navigation 
works  erosion  rate  (i.e.  the  natural  erosion  rate  of  1.0  feet/year). 
Figure  6.3.1  illustrates  the  physical  features  of  Alternative  II. 

The  quantity  of  material  required  over  the  7100  feet  of  shoreline 
from  the  Museum  groin  to  Coen  Road  is  5,261  cubic  yards  per  year. 
When  this  is  added  to  the  2,123  c.y./yr.  being  placed  as  the  max¬ 
imum  Federal  responsibility,  a  total  of  7,384  c.y./yr.  will  be 
deposited  in  three  equal  parcels  of  2,461  c.y./yr.  at  the  three 
stations  previously  specified  (  stations  29,  52  and  74), 
Theoretically,  the  placement  of  this  total  quantity  of  nourishment 
per  year  should  stabilize  the  shoreline  at  its  restored  position 
and  thus  prevent  any  future  bluff  loss  due  to  wave  erosion.  Thus, 
this  plan  artifically  replaces  a  quantity  of  material  on  the  beaches 
equivalent  to  that  which  is  expected  to  erode  under  existing  con¬ 
ditions  . 

Since  the  shoreline  would  be  stabilized,  this  alternative  would  provide 
a  degree  of  protection  beyond  the  intent  of  the  Section  111  authority.  A 
portion  of  the  costs  of  this  alternative,  over  and  above  the  maximum  cost  of 
Federal  partici pation  must  therefore  be  borne  by  non-Federal  interests. 

All  costs  and  benefit  computations  are  presented  in  Appendix  E  and  F 
of  this  report. 

The  total  fir.t  costs  of  the  Marine  Museum  groin  construction,  the 
Museum/City  Beach  restoration,  and  the  remaining  shoreline  restoration  are 
shown  in  Table  6,  and  are  identical  to  that  of  Alternative  I.  The  annual 

cost  of  beach  nourishment  would  consist  of  $21,230  for  maximum  Federal  par- 

3 

ticipation  and  an  additional  $52,610  for  the  5,261  yd  per  year  of  non-Federal 
nourishment.  The  total  annual  cost  of  the  Alternative  II  mitigation  plan  is 
$98,200. 


TABLE  6 


alternative  cost  computation 


rlrst  Costs: 

Cost 

Marine  Museum  Groin  (As  Computed,  Taole  5) 
Museum/C ,'ty  Beach  Restoration  (As  Computed,  Taole 
Snoreline  Restoration  (As  Computed,  Table  5) 

5  A6.330 
5)  10,370 

129,  AOO 

Suototal 

5137,200 

Contingency  "'■Si) 

23,380 

Suototal 

215,280 

Engineering/ Design  (205) 
Supervision/Insoection  (65) 

Overneao  (5.55) 

A3, 356 
12,917 
12,056 

Total  First  Cast 

5233,300 

Annual  Cost: 

Annual  Cost,  -irst  Cast  items  (i»7-l  ,  n*50  yr$  .  .CSF’O. 07361  ) 

S  20,350 

Maintenance  Cost  (55  if  Groin  Cost  *  -ees i 

3eacfi  Nourishment 

3 ,550 

Maximum  rederal  3articioat:on  '2123  Z.J .) 

si o/c.?.: 

21 ,23C 

.acai  3articioatirn  ,5261  C .(.  a  51 0/C.  ? . ) 

52,510 

"OTAL  ANNUAL  COST 

538,200 

As  in  Alternative  I,  the  Museum/City  8each  area  is  restored  and  pro¬ 
tected  for  the  50  year  project  life. 

In  the  Sherod  Park  area,  the  bluffline  is  stabilized  against  erosion 
because  the  shoreline  would  be  widened  and  stabilized  by  the  upgraded  nourish¬ 
ment  program.  Since  the  bluff  would  not  erode  ovpr  a  50  year  period,  an  annual 
benefit  is  derived  for  recreation  area  saved  from  erosion.  Similarly,  if  the 
nourishment  program  creates  a  stable  shoreline,  the  20  foo+  wide  beach 
restoration  can  be  counted  as  a  recreational  benefit  which  will  not  decrease 
over  a  50  year  project  life.  The  estimated  average  annual  benefit  for  pro¬ 
tection  of  existing  recreation  is  $902.  The  benefits  attributable  to  con¬ 
structed  beach  recreation  is  $34,556  annually. 
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Residential  land  and  structures  will  also  be  saved  under  a  stable 
shoreline  condition.  The  full  value  of  this  benefit  is  $17,128  per  year; 
reducing  to  29%  of  this  total  yields  the  annual  benefit  of  $4,967.  The  total 
benefits  attributed  to  Alternative  II  is  $40,425.  The  benefit/cost  ratio 
for  this  alternative  is  $40,425/398,200  or  0.41. 

6.4  ALTERNATIVE  III  -  Beach  Nourishment  And  Short  Groin  Cons*  jction 

This  alternative  plan  utilizes  the  same  five  features  as  the  Alter¬ 
native  II  plan  except  for  the  amount  of  beach  nourishment  required  as  non- 
Federal  participation.  In  this  plan,  a  series  of  eleven  short  (approximately 
33  feet  long)  groins  will  be  constructed  at  chosen  locations  between  the 
Museum  groin  and  Coen  Road.  These  locations  are  chosen  so  that  the  groins 
add  to  the  trapping  capacity  of  existing  structures  and  retain  a  portion  of 
the  nourishment  material.  The  trade  off  between  this  and  Alternative  II  is 
an  increased  efficiency  to  retain  a  beach  fronting  the  bluffs  using  a  series 
of  groins  versus  using  an  increased  volume  of  nourishment  material  and  only 
the  existing  structures  to  contain  this  material. 

Assuming  a  fifty  percent  trapping  efficiency  for  each  new  groin, 
the  amount  of  annual  nourishment  can  be  reduced  fifty  percent  to  maintain  a 

3 

shoreline  stability.  If  7,384  yd  /yr  were  previously  needed  to  maintain 

3 

stability,  only  3,692  yd  /yr  are  required  under  this  plan.  Since  the  minimum 

3  3 

Federal  participation  requires  for  2,123  yd  /yr,  the  remainder  of  1,569  yd  /yr 
must  be  provided  by  non-Federal  participation.  The  total  3,692  cubic  yards 
would  be  placed  in  three  equal  deposits  of  1,231  yd^/yr  at  stations  29,  52, 
and  74.  The  location  of  the  eleven  short  groins  and  the  proposed  nourish¬ 
ment  sites  are  shown  on  Figure  6.4,1  along  with  other  features  of  Alternative 
III . 


The  first  cost  features  of  Alternative  III  are  shown  in  Table  7 
and  include  the  Marine  Museum  groin  construction,  the  restoration  of  Museum/ 
City  3each,  shoreline  restoration  from  the  Museum  groin  to  Coen  Road,  and 
the  construction  of  eleven  short  groins.  The  total  first  cost  of  Alternative 
III  is  estimated  at  $461,930. 
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TABLE  7 


ALTERNATIVE  lit.  COST  COMPUTATION 


ci  rst  Costs  : 


' 1  Short  Oroins  2i 

Excavatian/Renandl  ing  2 

31anxet  Material 
Amor  Rock 

Shoreline  Restoration  11 

Suototal 
Continqency  ;15a) 
Suototal 

ing  i  neer i ng/ 3es i gn  ,205) 
Suoervision/Insoection  i'SS) 
Overnead  '  5 . 5S } 

'3TAL  FIRST  COST: 


ion  (  As  Computed,  Taole  5) 

346,330 

1  , As  Computed,  Taole  5) 

10,370 

Quantity  Unit  Cost 

2 , LOO  Z.'l .  37. SC/C. 

'3,300 

33S  C.r.  27/C.'. 

25,250 

2245  Tons  44  Tons 

38,730 

1 05*0  C  J.  10/C. 

i 

1 

1 

» 

'35,400 

305,230 

45,735 

351  ,315 
’0,203 

21 ,360 
19,557 

r: 

3461 ,330 

Annual  Casts: 


Annual  Cost,  rir$t  Cost  Items  '  i*7  jJ,  n»50  yrs , ,CRF»0 .J7361 ! 

S  34,300 

Maintenance  Cast  )5A  of  Sroin  Cost  *  Fees)  '4,300 

3each  'iour'snment 

Maximum  federal  5artiC*Mt1on  '2123  Z.'l.  ?  310/C. 7.!  31  33c 


Local  3art'cioation  ['So 9  Z.'l.  3  S10/C .i .  1 
-)TiL  ANNUAL  COST 


21  ,220 
' 5 ,530 

S  35,220 


The  annual  cost  for  the  first  cost  items  mentioned  above  is  S34.0OO 
(using  an  interest  rate  of  7  1/3  percent  and  a  50  year  life).  Average  annual 
maintenance  costs  on  the  fixed  structures  are  $14,300  and  the  annual  cost  of 
beach  nourishment  features  are  $21,730  for  Federal  participation  and  $15,690 
for  non-Federal  participation.  The  total  annual  cost  for  Alternative  III  is 
therefore  $85,220. 


matt*.*** 


Since  the  net  effect  of  this  plan  is  to  create  a  stable  shoreline 
as  in  Alternative  II,  the  assumed  benefits  are  $40,425  per  year  as  calculated 
for  Alternative  II.  The  benefit/cost  ratio  for  Mitigation  Alternative  III 
is  then  $40,425/$85,220  or  0.47. 

6.5  ALTERNATIVE  IV  -  Bluff  Revetment 

This  alternative  plan  involves  the  following  features: 

o  Construction  of  a  new  210-foot  long  groin  fronting  the  Marine 
Museum; 

o  A  20- foot  wide  beach  restoration  for  360- feet  east  of  this  new 
groin;  and 

o  Construction  of  revetment  for  bluff  protection  extending  from 
the  Museum  groin  west  to  Coen  Road. 

The  use  of  a  revetment  in  this  plan  is  a  structural  alternative  to 
beach  restoration  and  nourishment.  It  is  the  most  effective  means  of  main¬ 
taining  the  bluff  in  a  stable  position.  Over  the  50  year  life  of  the  project, 
one  would  expect  no  bluff-line  loss  at  Sherod  Park  and  no  residential  land 
or  structure  loss  in  the  private  property  areas. 

The  shoreline  east  of  the  Museum  groin  will  not  be  reveted  because 
of  the  protection  offered  by  the  groin  and  the  harbor  structures.  The  beach 
will  be  restored  in  the  360- foot  length  where  erosion  has  previously  taken 
place.  See  Figure  6.5.1  for  physical  features  of  Mitigation  Alternative  IV. 

All  features  of  this  plan  are  first  cost  items  as  shown  in  Table  8 
that  include  the  construction  of  the  Museum  groin,  the  City  Beach  restoration, 
and  the  construction  of  the  approximately  7100  feet  of  bluff  revetment. 

With  contingency  and  fees,  the  total  first  cost  for  Alternative  IV  is 
$4,386,700. 
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TABLE  8 


ALTERNATIVE  IV.  COST  COMPUTATION 


First  Costs: 

Cost 

Narine  Museum  Groin  (As  Computed,  Taole  5) 

Museum/City  8each  Restoration  (As  Computed,  Table  5) 

S  46,930 
10,370 

31uff  Revetment  Ouantitv  'Jnit  Cost 

31anket  Material  22,510  C.Y.  527/C./. 
Underlayer  11,532  Tons  40/Tons 
Armor  Stone  34,949  Tons  44/Tons 

507,770 

465,280 

1  .537  ,760 

SuOtotal 

52,563,510 

Contingency  (155) 

400,290 

Suototal 

3,068,900 

Engineering/Oesign  (205) 

Supervision/Insoection  (65) 

Overhead  (5.55) 

613,300 
134,100 
171  ,350 

TOTAL  FIRST  COST: 

54,386,700 

Annual  Costs: 

Annual  Cost,  First  Cost  Items  (i»7  -j»,  n«50  yrs.,CRF 

=0.07361) 

297,300 

Maintenance  Costs  (55  of  Groins  Cost  *  Fees) 

200,700 

TOTAL  ANNUAL  COST 

5498,000 

In  order  to  do  a  benefit/cost  analysis,  this  first  cost  was  converted 
to  an  equivalent  annual  cost  on  investment  for  the  50  year  project  life  of 
$297,300.  Add  to  this  the  estimated  annual  average  maintenance  costs  at  five 
percent  of  first  costs  of  structures  or  $200,700  for  a  total  annual  cost  for 
Alternative  IV  of  $498,000. 

All  benefits  for  Alternatives  II  and  III  are  applicable  to  Alternative 
IV  except  that  there  are  no  recreational  beach  benefits  at  Sherod  Park.  The 
annual  benefit  of  a  stable  bluffline  in  terms  of  savings  of  residential  land 


i 
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and  property  is  $17,128.  Since  only  29%  of  the  ongoing  erosion  is  attributable 
to  the  Federal  structures,  this  benefit  is  reduced  to  $4,967.  The  recreational 
benefits  that  occur  from  the  saving  of  existing  beach  is  $902;  and  that  for 
construction  of  the  proposed  beach  is  $10,082.  Thus,  the  total  benefits  for 
Alternative  IV  is  $15,951.  The  benefit  cost  ratio,  therefore,  is  $15,951/ 
$498,000=  0.032. 

6.6  "NO-ACTION"  ALTERNATIVE 

If  none  of  the  four  erosion  mitigation  alternatives  are  deemed  suitable 
due  to  economic,  environmental,  social,  institutional,  and/or  financial  con¬ 
siderations,  the  "No-Action"  alternative  may  be  the  only  alternative  that  is 
feasible.  Currently,  the  total  annual  damages  due  to  losses  of  residential 
land  and  structures,  and  to  loss  of  recreational  resources  along  the  study 
reach  total  $20,237,  as  shown  in  Table  4.  If  no  action  is  taken,  these  average 
annual  losses  will  continue  in  the  future.  It  has  been  determined  that  only 
29%  of  the  total  erosion  occurring  within  the  study  reach  can  be  attributed 
to  the  Federal  harbor  structures  at  Vermilion.  Therefore,  in  terms  of  erosion 
mitigation  under  Section  111  authority,  only  the  value  of  the  erosion  induced 
by  the  Federal  structures  can  be  considered  in  the  economics  of  the  mitigation 
alternatives.  Thus,  $5,870  (29%  of  $20,237)  is  judged  to  be  the  total  annual 
damage  attributable  to  the  harbor  structures  that  will  occur  in  the  future  if 
no  mitigative  action  is  taken. 

6.7  ECONOMIC  ANALYSIS  AND  ENVIRONMENTAL  IMPACT  SUMMARY 

On  the  following  page.  Table  9  summarizes  the  estimated  costs  and 
benefits  for  the  four  alternative  plans  evaluated.  The  engineering  and 
economic  analyses  presented  here  do  not  consider  environmental  issues  which 
may  have  an  overriding  influence  on  whether  a  plan  is  feasible  or  not.  Also, 
there  may  be  environmental  impacts  of  a  specific  plan  which  would  favor  that 
plan  but  are  not  quantifiable  monetarily  and,  therefore,  cannot  be  considered 
in  the  benefit/cost  analysis. 
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TABLE  9:  ECONOMIC  ANALYSIS  SUMMARY 


In  general,  adverse  environmental  impacts  associated  with  these  plans 
would  include,  but  not  be  limited  to,  noise  and  air  pollution  from  construction 
equipment,  turbidity  of  lake  waters  during  construction  and  periods  of  beach 
nourishment,  destruction  of  aquatic  plants  and  animals  under  filled  or  con¬ 
structed  areas  and  in  turbid  waters,  unfavorable  beach  access  in  the  plans 
that  require  bluff  revetment  and  groin  construction,  area  aesthetics  for  the 
groin  construction  alternatives,  and  possible  downdrift  effects  of  tampering 
with  the  littoral  system. 

In  general,  positive  environmental  impacts  would  include  but  not  be 
limited  to,  a  stable  shoreline  and  attendant  increase  in  property  values, 
increased  recreational  useage  in  some  plans,  a  favorable  effect  on  aesthetics 
in  the  case  of  the  revetment  plan  (instead  of  sloughing  slopes)  and  an  increase 
in  supply  of  littoral  material  to  downstream  shores  in  all  but  the  revetment 
plan. 

5.3  COST  ALLOCATION 

Under  the  authority  of  Section  111  of  Public  Law  90-483,  Federal 
participation  in  the  cost  of  a  plan  to  mitigate  shore  erosion  adjacent  to 
Federal  Structures  serving  navigation  is  limited  to  that  portion  of  the  erosion 
problem  attributable  solely  to  the  structures.  Of  the  four  alternatives  evaluated 
in  this  study,  Alternative  I  is  considered  to  be  100  percent  within  the  authority 
of  Federal  cost  participation  and  the  allocation  of  costs  for  this  plan  would, 
accordingly,  be  all  Federal.  The  remaining  three  alternative  plans  incorporate 
features  which  go  beyond  mitigation  of  damages  due  solely  to  the  Federal  nav¬ 
igation  structures.  These  plans  should  prevent  erosion  attributable  to  natural 
orocesses  as  well  as  to  the  Federal  navigation  works.  Cost  allocation  for  these 
clans  will,  therefore,  involve  non-Federal  participation.  Federal  cost  par¬ 
ticipation  in  these  plans  would  probably  be  limited  to  the  Federal  costs  to 
perform  Alternative  I.  Based  on  this  rationale,  the  cost  allocation  for  the 
four  evaluated  plans  would  be  as  shown  in  Table  10. 
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CONCLUSIONS 


An  attempt  has  been  made  to  define  the  impacts  that  the  Federal 
navigation  works  at  Vermilion  Harbor,  Ohio,  have  had  on  the  shoreline  to  the 
west  of  these  structures.  It  is  evident  that  the  fortification  of  these 
shores  by  private  interests  has  masked  the  damaging  effects  of  sediment  block¬ 
age  and  diversion  at  the  east  harbor  pier.  Additionally,  the  armored  nature 
of  the  western  shoreline  makes  the  impact  of  the  offshore  breakwater  (constructed 
in  1973)  indistinguishable  from  the  impact  of  the  harbor  piers  alone.  In  un¬ 
protected  areas  further  to  the  west,  it  is  clear  that  bluff  erosion  has  been 
aggravated  by  the  harbor  piers  and  the  subsequent  armoring  of  adjacent  shores. 

It  is  estimated  that  in  these  unprotected  regions,  29"  of  the  long-term  bluff 
erosion  rate  is  directly  attributable  to  the  Federal  navigation  structu  ;t 
Vermilion.  Due  to  the  historical  armoring  of  the  shores  within  the  st 
reach,  substantial  shore  protection  does  exist  in  various  areas  of  the 
reach  yielding  relatively  low  levels  of  ongoing  erosion  damage.  The  ye 
damage  attributable  to  the  Vermilion  harbor  structures  is  $5,370.  Four 
erosion  mitigation  alternatives  have  been  presented  that  vary  widely  in  their 
structure,  cost,  and  impacts  on  adjacent  shores.  In  addition,  the  "no-action" 
alternative  has  also  been  considered.  Due  to  the  relatively  high  construction 
costs,  the  benefit/cost  analyses  yield  the  conclusion  that  none  of  the  structural 
alternatives  considered  are  economically  feasible  (the  highest  benefit  cost 
ratio  achieved  is  0.76). 
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THE  RECOMMENDED  PLAN 


Because  the  annual  benefits  exceed  the  annual  costs  for  all  shore 
protection  alternatives  considered,  it  is  judged  that  no  action  should  be 
taken  to  mitigate  the  ongoing  erosion  that  has  been  induced  by  the  Federal 
harbor  structures  at  Vermilion.  The  highest  benefit/cost  ratio  achieved  was 
for  Alternative  I  with  a  value  of  0.76.  Because  the  great  majority  of  project 
benefits  could  be  attributed  to  additional  recreational  usage  (due  to  beach 
construction)  rather  than  to  savings  of  presently  eroding  residential  and 
public  land  and  structures,  it  was  deemed  unwise  to  disregard  the  low  benefit/ 
cost  ratios  and  support  implementation  of  any  mitigation  alternative. 

It  must  be  understood  that  due  to  early  shore  protection  measures 
constructed  by  private  land  owners  in  Vermilion,  much  of  the  shoreline  along 
the  study  reach  is  relatively  wel 1 -forti fied  (and,  therefore,  resistant  to 
erosion-induced  damage).  The  lack  of  justification  for  Section  111  mitigation 
to  the  west  of  Vermilion  should  not  be  construed  as  an  indication  of  in¬ 
feasibility  of  mitigation  for  the  total  reach  (both  east  and  west  sides) 
affected  by  the  harbor  structures. 

High  level  damages  to  the  east  of  the  harbor  (if  they  exist)  may  re¬ 
quire  mitigative  action  that  will  lead  to  the  acceptance  of  west  side  mitigauive 
action  as  well.  This  evaluation  must  be  determined  in  the  .^hase  III  Section 
111  Study  for  the  entire  shore  of  Vermilion. 
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APPENDIX 
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A.  Bluff  Sand  Contribution, 


Bluff  Position  -  Shore  Condition  No.  1 
(No  Federal  Navigation  Structures  and  No 
Private  Shore  Protection  Works) . 


C.  Bluff  Position  -  Shore  Condition  Nos.  2  and  3 
(Condition  No.  2:  Harbor  Piers  Only  Plus 
Private  Shore  Protection  Works . . 


Expected  Losses  to  2023  A.D.  -  Condition 
Nos .  2  and  3 . . 


E.  Erosion  Mitigation  Alternatives, 

F.  Computation  of  Benefits 

Recreational . 


Residential  Land . 

Residential  Structures 


Page  No, 
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ads i  de  sources  dor  caAcuicLfto  a 


IEsd\W*fes  reau.inv\Q  sufdade  beach  vuodenals  joil\ . 
-therefore  o.ssui'Me  oudsfde  sources  dor  caAcuiafcs  a 
pu.rpce>es>  > 

(b)  Ta  -Has.  4io o  vw.\+iqadi6’A  alber^adi  ves  reauiiriwfl  beach. 
resdoradfoA  aud  0\Aou.rtolAW'£yd'  v  appropriate  weasares 
rfvu.st  'oe  t*xKev\  4©  Wwhd"  4he.  draws  port-  or  plcueed  /ucderial 
'Ado  dde  Gidu  ©eobh  /MuseuuAA.  area.  cu  AOideaJ  uoaues 
-fro  a  dxe  \joesde\du)  q^abraujt"s ,  "The  presewd  odds  bore 
dehxched  breoJcuoaLder  creates  Q.  $Wabioio  poue  "a 


iVe  restored  beoedd  vaade-v-Ccd  owx.d  subseaueud  v.oixnSA.v/.eci 
vu.ade.oai  loouid  be  dnxwspordedl  bd©  dh  is ' ‘St-adcuO  tov  C 
to^&re  ir  loouid  be  veru  stable  -thus  dedeadvAo  dfe  purpose 
of  dh€.  Aounsb  MSud  pre>prauA '  °  J  J 


Ha  order  d©  preveudj  44,  ci  easderlu  YAOveiMeui  f\to  4£e 
bfaudkoto  *poe.  a  ar©\r\  would  be  ^cowsdrueded  ad  a  pcv.uf 
liiesb  cf  d&e  Vfebr  pier-  oud  of  4de  sbadlcLo  of  f£e  ' 
did  shore,  'o  r  eax  Loader'. 

"Pus  arowv  .ocuid  co'-vv|aa-dAAeaiali^e  -de  becuch.  sasd  cf 
d  ap  -to  f£ve  pier  fbrw^wc,  a  stable  ccchet  beach .  Whereas 
MaW\'o-l  placed  WMftduxtelcr  wesf  cd  4Ws  qrotvv  10HI  be 
pre\je.vA.Ved  -ttova  '/ucviAq  dr  4fe  eaod  bajr  \gill  be  available 
for  ^dra.’A'i,  pov-r  do  -fdeJooesd  icaue  acftoiA  • 

Ta.  dbe  Cctse.  cd  die  dAird  alTe.rAQ.dwe  -su-P^esbed  above. 

-tdvs  savae  orowrs  Ccva  pavd Me udal  \ 5^0  -d\e''^idj  Geaafy'^uSdiAVA 
area.  prode.cnv\<^  d  drew  -fodure  sWore  Uwe  Moysvue\cls  or- 
erosvod  pacL  Scw€s  addi+i'oAal  expense  cf  rever\A a  dA\s 
CordioA  cf  -de  shore llVAe.  ° 

i 

TKe  pcsiibildM  cd  covNSd-ucfuA.p  a  pro -a  -frovNdvvp  ~d€  Marine. 
NlaseuvA  -oedt  ct  NerwiilioA  d^orbor  has  ’ceefv  cr^rdibcd-d 


NlaseuvA  -oedt  cd  Nerwiilic*\_  doar^or  has  beefd  ccordihocfad. 
Uiitd  Ohio  Seoardweirr  cd  MaHiral  Resources .  ^s  p  resaAd 
Of  co'^dacV  loibk  4a€  Ouef  5A^\i.\ger S  c-Tt'CC  OOmQ  ^ 4- W<xs 
ceew  defopMPAed}  >  dhod-  -fKeu  ha\je  ao  prosed  or  future  plaws 
4o  prqtecf  the  Mu.seu.vA  ^orKS-rddretone  tbene.  \s  ao 

Covsfhbb  ujiVun  tfe  proposed  ^roiVN  • 


',rf  eretorrs  tber»  15,  aq 


« 


A 


'Rrvu il\ow  harbor-  0‘vvo  Sednov^  111  £rud^  1 

Purpose  y Loca-h on  ante  One^ioA  st  proposed  <2>ot  A  ! 

Purpose  :  As  Reefed  above.  ^  Re,  Mam  purpose  or  44$ 
proposed  ,proup  is  -to  prevevbf  <\ou.r\SV\\MRcf  A/vRartai 

Tro^Ap  cev'uo  -Transported  -b  Re  east  tR ere  IV  would 
fee  iosi-  -frouv  Re  URoral  smsRvw.  As  sucb  if  is  -feifRoi 
^  fo  Aecess<W  park  of  Re  federal 

responsioilibu  -for  ^i-haoR ov\  R  -Rad  v+  Rulis  te  Re 
'mvvwi^U'ju.  tw,  auxouucr  €rf  'nourish aa€u±  needed  to  -RllRI 
-fke  purpose. 

Lccaro'A  .  \'as  locatripn  of  Re  drain  uja^  defer’AAiued  nsuAa 

Re  -VoUctoUA0  CoiASderabcu  S  :  w 

*  as  sUoum  ov\  -figure  £  -1  oiaR*  fotloioiuc  pac\e  ,un refracted 
uxxue  wvadewce  avRes  tto'm  Re  ncrR  -  ndrV&ea.sV  tnroUR 
eas+-ncrHeapf  are  °s R  elded  by  Re  ofoskere.  detecked. 
brexxtwcder  -for  a.  disteuce  cf  approxiwvxtelu  iooo  Rr- 

uiest  R§,  uiesfe  pier.  ° 

*  cp  fRupe  'o  t  of  Re.  ^au  iqR  .Stoatey  ^o.oorV  R^  razees  i* 

Sko  rekn-e  _<2ateiibnu>n  before  Qjud  offer- Rfo  breakv-ooder-  7 
cous-f  rued  urn1  steal  no  suvAif  iccuter  ofoanae  wesf  cf  S+awleu’s 
sb4icv\  ^o+oqui  Gr  ^oo.Ref  west  of  Rc  uoesV  p\er. 

*  Rs-  anale  of  ffoo  skere  Re  “’'e.Rer  sfde  cf  a  pciidr  i  coo  Ret 
upesb  of  -Re  RS-R  ?^r  Suck  f^at  -oaves  dpprcacki\Ax: 

-feravA.  Re  AorRea.sk  )  worR-  'AxrRea.sfo  \crR  Van-c  ^ 
p.tv,  OASWcre  or  si  Rd*  .westward  ccv^pcueujt  cf  uajo-a  e^er«u 

'.a  Re  arex  east  ©fwR»%  pcivd^bud  a  stroua  toesferR  ^ 

Ce*»p>ouevd  of  oaviA,  'aj6^‘  of  Ras  pcivdr  Creterewce  ftburej 

H  \  a-^4  cf  Re  Skajul^  t?e.porf  M.al^  ^ 

Tresc  considerations  surest  a  location  -for  Re  orom  a  baud 
i coo  +eet  voesf  of  Re  Wiesf  p,er^  totucf,  eoiv\dc3€S  wiR 

p-°-^  side  of  Re  lafeeuaafd  exfsusva^  of  vOclsWurRu  Sds^. 

.  a\s  '^cfod  be.  Re  opVi V.UIU  location  -for  ce  avovfv  \\  Refer  R'S  ^ 

IS  a  1  pro Mofoopj  fedrfo'Ap  cesA  lAard poiuf ed 

RcRef  considered- lcu  ^  Acu^euer  prevails  .  Tkcd  fo  Re  IccafoR  dr 
Re0  5ffm  ^  public  VJS.  privb-e  properfo  .  Ik  Cov^MUACcoiiCiAS 
dvRupr  CoknspAi  cf  Re  CR  of  VerRlUcvt  f  '^caS  -fou-.vd- 
Rvc  propcssj  iocadiau  -for  Re  forou\  loos  Roracficilo(e. 

_ _ v  i  _  .  .  i  feef  -  of  RikRcrroA  SfRet  'vOQ3 

pn-vafe  prooeHru-  i ac  distnbuTioA  cf-  fiubfc  vs  private. 
_Rrccer^  1  -<eR  cf  Rs  Res-f  pier  ^  skocon  ov\  Rciure  ^  -2, 

;o  'ccafe  Re  Oroiw.  e-Arslu  ov^  public  Drcpei'R  rr  -aCDST  be 
ccarR  sucWRad  .its  !^eSVeri\ Mosf  -foe  'fo  Ref  east* 
cf  Re  rocrr  or  foaski^gton  Sf.  -cRewded  R  Re  lake. 

e-2 


/ 


* 


\er*A*.\',Cv\  Harbor^  0V\\o 


Ssc+iow  ui  SfubU^ 


Or\e'Mo.Jrvo»N .  of  4fe  Qroivsi  TVe  oriem+tow  of  "fie  ceu4er!iv\e 
of  M k«  c^roin  SKcuJdr  be  alVig^edl  'joH-Gv  +&e  vxor+U  -wcrVfeasf 
d\ceoK©n  cr  ^aue  approa.cJU.  -f%r  -(de,  -foiia-oilva  rea-so^s  ; 

•  t^s  aU^Av^ew^  unll  precede  ■easves'V  access  -fpr- 

voaves  Tfowf4ie  v\Orf&  <xwydL  AOr^  ' (AorV^easb  -Vo  a^triWre 
wkce.d  it\pansU  Me^  iwxteriool  4o  f&e  sWores  ^s+erlu  of 
-m€  a^roiiA.  v  «-> 

•  -Vfvs  °aU'0w^ev'.+  uoUl  prQvtde  vwa^wuawv  pro-rechov\  -orfe 
s'hore  twhU^  -rfe  Mdnwe  ’MaseuiM  fr-oiu  toaoes 
on^vvxcm^q  -rmv\\  4f\6  '//ester1, aju^roLMte , 


;  iVe  \ev^V&  of  -rv^e  o^ro^  aV-  44ws  one  *Aa4n.ov\  vwust 
be>  dp+erwAUAed  bu^  up  te  dade  badf. a  y^e-Vr o,  cxu.d  oov\s\ciero.-1aov\ 
or  -me  a\AAjDvxvcV  or  v^ourisU^evob  wCacteru^  ujtuct\  uhU 
ce  obxced  ad^acewd  -+o  tee  s+T-u.c*ure . 


f''9a^  %•  "2  -for  ffe ,'AAOsf  probable  Iocol-Kova  ai\d 
onewkmcv\  or  tee  Qroiu.  iv\  tee  rCxVu  £>ea.ete  /KAanv\e 
\\Au.Oeu.VsN  a.rs<x.  ^  ^ 

TVs  aro\^  udU  Uere \y\affen  be  referred  fo  as  4$e 

'AAa.r\\^  1/du.SOU.vM.  QroU\.. 


e-s 


\ierwvi  l \oK"  Harbor^  cu>,o  Secd\ov\  in  Shudtj 

~  ^vaiua-fctcjc.  of  Mi+v'aa.T\o/%  Alter  Accf'.ves 

Atrerradwe  X  i  BeacW  NiounsVx Yvewt  -  Maximum  federal  fVftctpaf'C'A 

a  aov\  -  s+ru.c-Va.ra.1  so\ud\or> 

('aot  or  feaf'-'.res  of  dkis  aHer  aoJtwi  e  cire.  *. 

0  CoASdruc+t on  C+  a  vseuo  ^rom  frp*+\UQ  ffe  MariAe  ’Mu.seu.vA 
aV-  -B\e  iccadiow  crieAfatnoA  £t\cum  cm  diqure  £>  2.  j 

©  beacW,  res-roradiotA  easd  of  tUis  oyroiu  m  areas" 

■joaiCW  'Aoae  eroded  duetto  4f\<2  wav  i  patio.  Stracfanss  ' 

(X)  SsVore.Uv\e  (EStoradiovv  fro'A\  dfe  Orel  a  icesf  -b  Cc<e\A  Bald 

udv^cW  ‘S  'be  assumed  voestervx  or  u-f  (ue^ee 

of  +V\e  vyav  lOjCehcn  tooths  j  Qwd 
0)  a  'AOuris'AweAt  proara.'M  LoWick  udll  deposit'  cm  cl>a 
av\v\u,ai  tasvsj  cw>  a.'AAg^aujt  ct  'oeacJn  MoberuaA 
ec^u,vva\eud  -e  erf  ®rosiov\  add  r  routable 

do 1  dV\e  ^edera.1  k&vi0a-Hov\  uiockS  ewer  cu-wd  adoxJe 
dv\e  Aa+arat  erosion  qnaMdvHi  uctaeU  :ooudd  occur 
haed  df  e  uav  iq  ai-to  s^uefares  'a  ot  besu  bui  rp 
See  -R3u  re  6-3°  -fee  O-l+er'Aodwe  X  pCU^sicai  features 


Hsafure  0  CavvSiraCh c*\  cf  AetO  cyrotu  -  ManAeVluseixw  Gro\^i 

rrowA  previous  cuxalusis  aud  ,  refere'Ace  do  fa  art  E-2 
o^'-jAe  tccafioA  of  -rbe  qrow\  vs  set  :  dfe  cefderiiv\e  of 


<f)'fAe  l  ccadi  oa  of  -rbe  qroM  vs  set  :  +be  ce  uteri  paS  of 
-fwe  c\co\a  sWal\  odeVsed*  ViB  a'Acre^e  approx iluatdu 
885  ^fv  u^est  sf  dike  west  p^er  '  * 

b)  dWe  or \ewdoctio A  cf  4be  c^roif  cevcterlivie  sWx.ll  c€  22,5° 

SOSd  of  ncrdK 

'ey  f\ e  le'ApVf  sWouU  be  deter-muxed  fro»*  exishwp 
==-- uedr\ c  ,A-fbruochov\  ernd  dbe  assumed  aAcouid  err 
Aourisb  veut  do  be  placed  doixmdnff  cf  t&£  jrovvs 

n>e  locaitov\  icfere  fke  aroivs.  center!  me  a -er  sects  -be 
SVoreAme  's  approxiVAadeVu  tUe  Same  as  lokere  fie. 
qtcmlew  Report  dr efile  .  ^GdapvxJ  (fibure  ^  Mcxu  iq-is') 
\Atersects  fUe  sbore\\Ae  >  Therefore  dVia  Sfcuxleq  croft f 
>oas  Od^uSded  C2i  5°  drotM.  Kiorfk  do  Mori^-  COST '  aud 
used  as  dde  assumed  bcdUumefru  alcmo  tke  aroiu 
cevxterKwe ,  °  jo 

4  ico  foot  'Aube  bs-Q-cU  ad  ^eaA  Lake  craae  uuis  assumed 
Tpr  a  ciciCAdrift  profUe  to  accoa^d  for  dovda^x  med-  of  <• 
f?urf  vaferial.  See  fibure  £  -4-  for  fie  (frotA 

?rof\\s.  0 

e-i 


Piaure  t'  - 4  :  BoHova  Profile  KiK\E  of  &kx\Ale^  ^\a|»Ov\  iO+OOW 
^  cx\wd  K^u^ed  Qrom  Profit 


PiUufcce  dK^ore 


Ve'nwU©*,  farboi” (  Ckib  Sschov.  \\\  Sdwci^ 

Manwe  Museum  GrouA  -  pVebwMvvarg  Oesign 

ass uctwg  4 W*  4ke  hsacU  wounskvvetd*  -All  pidcsd  west  erf  4-£ei 
growv  tolll  co*frd  desv^TvWo^  br  4ffc  atuA 

also  assume  4c?odr  fR\s  <\cur\stav.eud  -ft\\  wall  ourfv  *2x4ev\d 
aM-  wjro  4&c  lake  loo  4f  at  elevaftcv,  570. 3<o  (\2rwg -for?*  MIS) 
om<A  -Pi V\  LOtU  fake  ©v\  a  Ulo  slope  placed 

-?\OAxre.  ~4~  skoups  lokere  4kb  -Ptll  uiill  \v\4ersecf  ■$£  beffu** 
pfoHfo.  f4\\s  sets.  -jug  Ioco4io\a  of  f£e  foe  of  greanv  aJr 
cOS  Q  secuoard  of  4#e  bluff  mfers'S-chc'A  w(4^  [kjw  grou\  Wbfo 

—  ff  4^e  desvgw  lake.  level  of  574. \  16 ID  £+5.s) -fnsiw  4<?e. 

LaKevieio  park  Des\gv\  \s  used  os4k$4orv\  wafer  [ever 

Set  4^6  fop  of  grow  elev  af-tena  of  575i(blSiLD  (_-t7-o) 
is  _  b i7*4J  44  qbove  \ow.g  fom  imcom  lake  stage- 
cud  it  is  |  ,50  4t  atoMe  4^eJ  stare.  jake  design  level 
tk'S  Ollcu£^^ier4opc  Mwq  cf  waves  buf 
^reveuds  b-eacl\  \cJbueffad  v^vevaevet  Uiita  "fed  of  fill  at 

Ao<m.  "Table  _1  ^£Cf!c«\  2,  id  cf4£d>  report  de»pijocder  wave  cJA.a.«ic4er^4e 

cdt  \J  ertad  10  1*  ^<2  Icvqest  psrtasi  wauOSJ  wWaoU  epu^de.  ejected 

of  4&v.s  sttaf  are  4.0  seccwSfe  -froc  btarffeasfo 

7.5  seconds  itex  taertawest' 

—  using  6.0  seconds  -for  coi/vservdrsM 

ds  *  depHv  of  water  of  -fee  cf  structure  =  7o  44 

de  t.o  . 

gf?  =  32a *  °.°os4 

'Wv-  'reatstacre  slope  =■  approM:.waklv  teloo  fo©'*  CAowW  vretaes 
vw  c  0,00s  >  *  1 


fre^t  figure  7-4  1-4  cf  sWore  foo4ec4:o.\  Macao.) 

MVda  «  c.32  4b-*  .82  6'c]  =  5.7+  Tesgr  breaker  fagkt  =  p,7S-f 


Mfefe:  6xaw\'y\of\cr\  cf  4Ue  des\qv\  wave.  was  also  par-forced 
o44l\d\wQ  au.\davvce  foor*  fx  draft  CE.RC  reporf  cv\  4te 
SkaaTivfo  avsd  ref  ra  chew  of  irreqwiar  \wave$  as  sfe-M 


presented  . _ 

towservafwe  a\*d 


7 \fyK^v\ v*/  va ‘  v  w  ^  *  a  vs^ 

-t-kenefor^  'ce  ased  il\  4ifo  "cleS'^'A 
E-10 


—  / 


'WrwAiliovj  Irtobcor' .  CtMO 


V.3 


r.o a  \i 


Marm-e  MuS&iw  Grom  -Prel  i vwiiAar^  ttesidr, 

Assu'miux^  a  r-Aobte  ucaiAd  grotv\  vd-d  i*.  c  side  elopes 

Atc\\*cr  IdXjer  de&^vsi  -fro^  e^uodtrT.  7-105  ^  7- SPr^ 


AUiaU*  of  arucr  a  Ads  VI  -  w\c  UV 

J  Kd  (Sr-l)3,  ccfe 

cWer-e  •  uir  ^  \<oo  lb/ ft-3  K»oVe  :  uir  m  kabevie'jd  fibrk  besicA 

H-  *  5 75  -ff  van cd  Atova  ISO  -b  HS  lb/rf3 

=  2>5G  -for  locaLU  available  an*or 

uJuj  =  b2,4  lbAP  s-fo^e  ,  \fedMP  is  'jsedtece 

caf  ©  -2,  ,  as  a  weav avA  value 

Kd  -  s+oJoilvfy  oceff\aeud 

-for  o^^uioLr*  Uft-fcs 

placed  roaxdcvMlu  2  done  dyers  i.e ,  v\*  2- 

cd-©  =7  slope  c f  -face.  J 
breodmG  uoave  cc*vi\fi<rv\  $v\  dead 
Ko*  2.5  u 

r  Kd  =  3.S  for  ttuaVs,  'breadtwv;  'a<x\)<1  cj>*& rhn\, 
ror  no  dav^o^e  cr\4er\<x  J 

W  -  ^fao  ( 5<~ts)^  ..  —  ICsCO  lbs  -ryr  Aeal  bl-ifeC0'®S 

2.S  (cst-l)^(c) 


o\3®  Nanabon  alloujed  O.^w4o^ow  or  -50  os  -o  S2CC  CS  aAtTS 

fAC5UA-  2S2S 

A5Q  lbs  Aor  rruxk 


AJ=-  !|?0  ib. 


M  -  (\<aQo)  IS 

"*  l,s 

s>  <5  vaaodicd  allowed  07Ko-o  t.0w  or  ,050  cs  -o  u'.vAs 

f*ea*=  t<nO 

-\rsT  AAd€'rla^€r  (Cere)  Srou,*  si^e  vanes  Arcm  0O>aJ  C.1W 
UAdevCa^er  2d\e  S\^e  Manes  2^0'bs 

^eddavc  s\cv\€  L'o\a^ke\X)  Stow©  sQe  W\es  Ww  C.ccciSW'b  0.0 1  w 

bed&w^  2fev\c  S\^e  Vanes  07 5  ivs  tq  Ifa  bs 


n  cd'AesS  Or  ^mcr  Uqer  ;  r  =  \ A  Vc  ^  (r^p  fu  Z  k*>  - '  -  i  S 

fbr  AJ  *  Ifeoo  r -  A'%  ^  5.0  -ft  Air  'Aj*  22C5  fi  5,(j> 

w*  ’'ISO  ^  -H-  'Ai-li?75  r=  5.0  ^r 


^.resV  ''X)\dV^\  ;  Ss  T\  ^  'A  -  3  m\v\\Tv\uw\  2=  fe. 

Crc^V  EleiaVidx  STo.ib  or  4  7.0  -rr^b) 


o«ff  ase  £  =  1.0  ri 


e-u 


4 


Mercian  Harbor  OW  Sschow  iu  Siud^j 

c’-5:Ma.^£  Museum  Gro m  -  Piqa  4  Cross  Sac+tcv\ 


il-H 


x/erv'Av\ Wav*  Vtjxr'oo^"  (  Oavo  3ecHcv\  ill 
Mar\v\^,  MUiCuvv  (broivs  -  Quo.vff't'Wj  ''rk,<e-c£rs 


Basket  a^er  off  couwcl  bead 

a«ra^«  radvuS  to  AAvd dopff  of  b\aAvXe.T  -  2c>-5  rr 


A^tcv  =  ^-TTS.2 


-T. 


Usiu'Me  -  (2‘)  iTrfi  -  1^8  ^  b2>  ^a- 


SlavOcei  |aw€T  ffair  rrav\k 


y 


\3=<V2.S‘ 


4 


% 


\Mtrcvae  dcpt^  of  >  lacked  *  l , S  ft 
Avc'r aot  '*ffdv£  ot  oicukret  r  4-2  ,sfr 
lewavcs  3  ifctf.s-ft 

Gro.de  blanker  u*cu+«rfai  ffo^  !,o  -t 
ffuek  ad-  bluff  to>  zff  4^'dc  off 
rbuvsd  ke&d 


\JoIUaaC  '  4-2.5 XUS  =  \  IftfeZ.  ff3  -  Mito^ 

lotaA  klavoket  Mcffenai  ^  geo 


Arry^oY  lower  off  rouwcUead 

L^3l<b.'At  Ttwd  surface  area  a  2  stove  W'Cic  volume 

e^ui  valent* 

A-^ITR"2-  •i.Tr(3.S-rt.«>)13  153, 3  -ff2' 


-<\ 

ffff  '••• 


Twmber  eff  an*cr  um+s  wa  ca  ^,2S' 

Oft  opposed  \o  (\5'&  tauer  rou^kiu  =•  o_tor 


Jx  a 


-  >  l  -  —  nv> 

t\uM,ber  of  vAcWvdaad  axv^or  uvwto  Addled  Mr  =  A*  a  kfc.  (l  -  %  o')/W 

AiWere  ps  37  kr-viS,  ^r*\bOx  VJs3&a$  .  As  w^a  J 

'  >  ' 


Mr=  45  u’A\fs  (S»  £3as  tbs  =  1  off wS  lbs  or  S3  ff^s 


t^ffS  (^l+ivisy*  33c" 


Nir  „  !»1)  S^SIZ) 


14- 


kier  A  *  rv 


^r^^K  ~  nff7  uaHs  Unsibs*  lbs 

or  ff  (oO  jo*S 


€-13 


jjyiitf  a  iMii 


n  ■— 

■Lun£fciJlidbiia 


gjjgynt  ■  <**?'  J  * 


VerwUion  Harbor.  OVuc  €ec+i cm  t\\  Study 

feature  ©  SeacW  Restoration  East-  of  fctanue  Museaun  Grom 

L®<aa4W  of  r^stora.-hov\  needed  :  referriua  to  ftaune  E-2. 
defer  *Mv\e  tHe.  is.’.'Ar^  of  beaclv  between  -U\e  ^ast- 
■roe.  of  +V\C  MuseuvCC  a^-om  a^d  tte.  lOesV  p\e.r* . 
ttxat  \S>  \COO  A  mu/noS  Soft  private  D'ropeHru  wmui  Soft 
-H\e  u>idt&  cf  t&e  arorn  at  -tUe/toe  or  86a  tf. 

But  -HWs  We  *  be  crusted  tor  4ke  lewat£  of 
•me  beacb,  ujKvcK  Was  occreted  in  nsce^t  uears  ou^d 
therefore  does  nest  weed  restoration .  J 

6-6  compares  tte  sWorelixvs  of-  kori\  iqi3  to 
od^ace^  Ho,  t&e  uaest  p\er  (reference  Sfauleu 
^eporV  -Haure.  it- ) .  TWis  -mure  repeals  tWoct  -fte  sWore  J 
5co  4©  t£e  oaest  ef  tfxe  °  \joest  pier  Was  accreted  tor-fte 
-me  ekore  furtKer  u^esf  Was  eroded. 

Therefore  ovty  tWe  eradiuc  Shoreline  need  be  restored 
"to  accaupUs>V\  t£e  purpose  dr  imtiOpti oia  or  a 
distance  cP  ,^o  -5oo  »  3 <bo  east  of  4We 

neve  wNuseuvu  g^rotiA . 

^*dtt  cf  restoration  needed  :  as  a  nominal  -figure, 
assume  a  beach,  uo’idv^  of  co  -feet  of  +£e  Iona  tern  rwea^w 
\a^e  \evel  of  510,3k  (ilsstGLD)  ( 
extending  at-  a  slope  pxraiiel  -b  exvsfuWa  beact  slope  ^ 
frp<M  a.  berm  level  c£  44.0  LWD  (572.4.T6U>)  to  -Hte-  \WfersccW' 
uiit-^  4&e  existing  boftev* 

tVoiM  5Vavilcu  Report  (Wu  irm  -figures  9<Wl  io  profiles  *fti rough 
ite  dtj  beacW  area  are  pd-fed  cn  -figure  £-7 
these  profiles  4+oonS  amd  io+-oo  W  arc  ea  uiiJaieut,  to 
approximately  2co  aud  Soo  feet  uest  or  tRe  Tio«sr  pier 
respechveki  ~  .  t 

am  aver^ac  at  beacV  profile  uas  assumed  mict  Ues  between 
the  two  Extremes  sWoion  me  4-voovo  cud  io+cov)  prcfUes 
*  » 
upon  tUs  average  profile  fr\e  restoration  \5  sketched  tor 
^audihj  taX^-  off  purposes 


e-i4 


j^useJUUA  aw 

dlTM 

.J..V&B.1A1UOKJ  omo  : 


Sec=uoA  m  Srudu 

J 


Ven av\>qia  Harbor^  O'/v.o 


Mus«-*v  ^  Ci-^u  c.€j^cV\  KeSrorcir1n.oi\ 

A) 20  -ft-  ad-  lov\afen«A  MLS  ^  5 70, 

^°ps.  i;  20  'mo^cwti^  a'r^ro^e  'ceack 

exWr  -V4.0  LVJD  X 572,0)  4o  0.0  ,wD  (.36*  .o') 


i.l 


*«  ew. 

c<*  2, at4 

IV  -  90.1  (,$9*7) 

^  -  30.0  ■ft-'" 

Vv.-  0.S987 

AO  (.IS) 

M  \.5  ft‘ 

4o'ai  Volume  -  SI  3 

=  3.01  udV* 

J 

'e'AO^V^  dr  resV<5rah©A  \&  3icO  -ft 

Molu.'Me  of  resVorafiCTA  is  Sfoo  (”  2>.OZ  ^a^fV)  -  \pyi.2  ud3 

(£>  i>3 1Z  -IcA/t^a3 

vAasev*-^/ Ctu^  Sgach  fe-torccho'A  -  IG44  4qias 


■^er'A*i.\vcn">  j-lar'eorj  OVuo  oec+T.av\  \\\  vfrt-ud^ 

5Uoy*£1i\a€  cta  Museum  Grot  a  4o  Cce'A.  Sdl  * 

po.rV  or  ,N\-'r\'^oJri<rr'  Al+€rwjdrw0  X.  ~  “ea+'u-re.  3 


Svac£  ~4ere  are  .  ao  profb-es  Cv\  -4\e  area.  'jcesb  cfc  ikie 
Warme  'tyuseu*  Qco\v\  except 

2.2  4-oc  v4  .  aSx.  cxs/evaAe 


+ti-es  iv\  -me  area  'uesr  cr  -me 
:ep4  ov-a  bu  S+tWeu  34  4&eir  Sta+tr>\ 
Ae  p  raft'  fX  tuusb  be  a^suuvea  • 


£\«jjirt  6-8  sWolos  +t*e  Pronin  assumed  u^wa-teoo  pieces 
op  auwiUoote  cb«ha  '  r  .  ^ 

'•  me  $4*  22+00  W  Arctic  OT  S^eujj-eu  ^vuStCfoTO  be  n 

cer s ev\<d\c u.1  or  >b  ne  sWoreAiu-^  ■fa+^.^r'  rk-ou*^  y\orrA 

^  4^e  dvsW-ce  o-HsUira  +&e  (o  Ar  dtepw,  Cov^Wr 
•frovA  USsgiS  4  ++CLAle»^b  v  CUar+s  .  ,  . 

'M'/vey.-  wa ore  Covuup,*eWevAAAve  tal&uwveVrAC  cb4a.  uS  oblamea 
profiles  -for  $pecmc  s}re4cl\e^  or  bsadu.  Could  be  dcu^ia 
cwdl  <x  'oe+vb'r"  eA-hwvade.  c£  beacU  ces-tarochoA  vwxde  • 

«.  '  r 

Pe^ra.+urrv  T>vue*S*0K3 

x,  lioo  rf  •frowN  Coev\  Road  +0+5^  TAin a£  Museum rOv  r> 


'/4v 


2wr 

slope 

2>+evd 


5o^t  cd-  \aAO-r«rvA  t*ear  lake  sWe  570.3k 
IMS  \AACckl\vU3  JaNfara£i)e  beack  slope. 

+  4.0  UAO  (  S72. <a)  X  \VteT5edncrv\  vbilk  boffevw 
Sea  -figure  6-S  ou  v\exb  pcu^e 


i.v\ 


Krec\ 


-  33.bT  0-^) +iao61^') 


%  -  J  33.Ul4  2l4* 

C'S]  a  14 

■W  eC  =  ^ 

1 

4  ao 

S^vv.  A  =  Ar 

/v 

ao 

X 

)  1.23  A 

44.  31  OP 


& 


VcWe  Tcrbd  -  4^37  (nioo)  =  3  4^4oo^  -  \si°\4o 

HewaNAde^  SeacJiv  Resfot&bos  -  \  Z  ^  4^  wc4  \.?‘i  c^^cl 

-  1^585  \o' aS 


6  -l© 


3iid02id  a»?^-aaA\/ 

davunosy  ; 


ascuiw.  <pro«v\ 


Ve'rv'Aivcvk  VYoxbor  “Sectaovs  \\\  Sfudl^ 

Fcodurs,  (A)  HAkihuia  l%iera\  Ri'rVvopcdrvcvs  BeccU^urvsbweid 
3  seed  ov\  QWlo  (Stol GtycaSl  Survey  Cfcda,  (  average  annual 

bfcu ff  recess  vov*  for  areas  alcna  Lake  F.r\Cj  to  Were.  ao 
woaa-  vsnade  sfruckure^  exisf  ’ii  bo  ft /be-  Ttuc  is  v 
fused  ov\  a'coui-  100  u«xrs  of  record  ,  ■$  s^oreUuc  recess  iff 
IS  Cfi>v\sv4ered  pro porfusvvade  fo  bluff  recession,  over  veru 
\ov\^  periods  of  -Hvw-e^  aud  '^ofuroJl  /fcepA  eYevddiffvv  ti6 


;xtsed  ov\  a\oou £-  100  u-ears  of  record  ,  ~$f  SnoreLuc  recess 
is  CC>v\sl4ered  prcporfvovxxfe  fo  bluff  recess  vow.  Qvev*.  veru 

Al*  A  aJL  d*UA^  /I  V  v  A  UytX«  »  ■><  t  _ _  .  At  />T«Al  A  _  I  ^ 


l  '  fV' W  \JT  W  ^  IlMUYUrl  ^ 

iVev\  ovNe  (cat  of  skcre  recession  is  eow^aJi-T©  ► 

+&+±j*  or  0,741  ud^/ru1-  of  sV\orelm*e  reces&icri  , 

27  or  0)7^|  «p^  x  I  o  f^r  -  0.^41  of  ikore/Cjr. 

Bluff  recess  icy*  \r\  Sberod  Fkrk.  bos  been  auaufifed  usiaq 

>1  a.  _i_  .  .  /<  a  ,-«•«■»  —  a  m  a  I  r*J  .  —A  ^  1  —  iT  a  ^-1 - a  .  a  1.  i-a  X*e9  >  %  a  iQ  v  c 


Ok\ieroj^*s  ojV*  \.4  4*-/ur  rexessior\  % 
m  ('I4l  J  r  l-o 4*  \^d Vft  of  sWe/yr,  ^  -tKc 


■nine  laid  odr 


\?  we  asauvwe  pce-vv^uaaehtrA  works  cciAdifovts  ('bre  \83sV 
-for  -Y&e  Hoo  -f  ^  of  sWorilwA€  ia  We  s-VucIm  area  . 
(fsVod  *>\co  ft  ’nuaus  pcc'ce£  beadn  -fon^ed  iMusewm  Grom  ) 


weald  Lowe.  been  sUoce  ^aWvhj  (a^erab^cio^er  lonp-We  period) 

Hanever^  -^e  sbcre.  recession  rate.  Las  'ceev\  l  -of  i^dy^r/ 
-fed  of  sWore  as  'indicated  ba  ca  sfredcU  of  uAprof^ckd 
skoceWe.  dewow  sbrec^vAv,  cf  -tfcc  AO.'vvMdicm  s+raeft^res  , 

“TWC  4okxA  uArdoA-e-  'needed  4o  MCuvA-ra^m  skore  Sfabl  lf^  cCT 
Vavs  recess \oa  is  \-o\  xi\co  -  ^jdv^r 

Tne  difference  l3S*f  -  5Ui  )  or  'L\^^b  udVuc/Cavv.  be  aifobuied 
io  4fce  federal  Kicw\^at\ov\  works  J 

IVws  7-iZ^  udVar  ,s  -Vfe  HAxirAO  m  P^deral  fbr-VvCvpcCtiCA 


awioanV  of  BoacVs  KJoari5,W'.-,rwr  needed  bo  vutf  lacne 
+Vre  crosvcunJl  effects  dr  idc  Federal  ^a\j\^ciiic^06TrucKiires 

P\ocewvevd  *,  Q.efer  fo  Wkre.rAaV\'iC  X  “p^us^ooJ,  -AeaKxrec  ^  -B 

-for  pkxcerAewdc  of,  4bis  beocU  ;rounsb  ^evd.  ffre A'syKxcLuj 
-Vv.e  locafiCA  cf  ex\.Sfw^  'oam^rS  fo.  \\'ttora,\  dn^ja/nd  ^osstb\e 
beacU.  access  pcvvbrs  Xor-  -VrucVv  ^Aouudat  was  felf  fkod  broaJrW^  up 
■vke.  Aoat\s^\  vnevar  vbfo  •klree  eo,up-J  qc»ts  of  aoproA’vnai’eib  , 

-  ^ ^ Od  SO  A.  ^  *1£1  1.  w,  IjA  W/oci-  mi  Ph^P.  rtr  JAOLTtAlTOU 


t&odicAS  .  2.R,52,  ou^d  *W  would  oesf  Serve  +Ue  purpose  or  natural 
dvSfnbcvdLrpN  c  —  20 


Vcp ,vuhov\  ttarbor  t  OVmo  Sschcu  m  SW<j 

W-tex^o^we  r  Ocst/Be^dr^t  Mak)S\S 


First  Costs  --features  UCjS 
0  Hariv\e  Museum  Grotvs  Cov\S+T*uchoV\ 

3^cxv\V^,Jr  M+l  Ck'S-S  to  ife  lbs 
H  ead  Ao>cr  \  <vso  to  3200  l bs 
THmb;  A«rMor  1050  t-ol^CO  .tbs 
©  Meseuw/Ot^  beock  Restoration 
(D  SWoretme  Resioratriov\ 


^oavrh+u  'JivvVr  Pr-CS 

TJ"  —  — 

^CD  yd5  a2“lAjd3 
®  S3 Aoa 
94=0  teas  ^3S/-io>\ 
lOSTud3  1  10/bpl3 
'2^40^3  4  \o/^d3 


a_  Subtotal 

b  Co^maevvCu  @  iS^/Sofa. 
c  Sab+okCi  a+b 

4  EAQ)\'As.er\ivQ  5  teSi0'O  (§>  2,0%  =£c 

C  Cupetvvs,iQv\  S  M^v\\w?Sf  rahov\  @  &°/o  0?  C. _ 

-f.  0v&Ae.*4.  Q  5-<o%  »£  c 

First"  Cast  Total  (-features  C  2  4  3  y  c.4d-t£-if 

AiAvuxal  Costs _ 

/  CQF=n 

•  j^AAual  Cost"  ©v\  First  Cost"  Itev^S  u  =  r/s^.A-Sour,  Q.cns&j) 

•  tvjo-aae  f\AA uaA  iMaiAtemvAC^  Costs 

cF-ktst  cost-  cf  ^rom  fdus  "fees  (  s**5'  ^ 

•  AyvmuxI  Cost'  cf  Seack  Mourisk  wev^t  -feature  4 

(^)  (^vawauoa  redetoi  fertiCl  pakcn  2>23  (Xalo/i)cP _ 

Tokxt  k^ual  Cost-  c£  V\  \t"\gccHcv\  AterKctwC  X  1 


■.3SCO 
950 
3 '.230 
10390 
\294cQ 

~  181200  ’ 

28080 
•a  1 5)280 
430S6 
/  2-5/7 

283,3oO 

POST 

f2o,8So 


C&e^epiTS 


O^oea-  ActHuiasWC  X,  A  2*  -  F**t  cJ<Pe  feeA^i  is  PuAoeo 

Au^(r  J>te  COR-R^Tuy  FfcsUtUtr-  SVHtf-C  Aw<?  /A  Kjovfi-iS^Me^T 
?*0<tK.Am  is  ^OeWAWrJ  THArT  ^«1»Ce-5  7>t0  0/2*Si«U  ,e4TS- 
f=^A*A  t.4  Pc-c-r (  'ffcArt_  T«  i-o  Fec-f  /y cAvt_  (^ee  ?ag€  8- '2-o') . 
IWe-  NtSrT  RfSvjCT  is  THAT  1H-*  uiPt  0p  1>h  s  (^StD&6jO 
fteAC+4  i^>  0o  9^**^  .  Vo&kHt-  1HF  FHR.ST  'Zo  te*fi.S  ~[W ^tgfoZt 

JVre  ^sioe^Ti^  oa>o0  prtopf-tTf  ujuu  nIot  W 

er^oeo  ViFuOiuCr-  A^J  Aviwo/a-  op  D7oo  (F*u 


W  -' 


VfeHM\Uo*j  U'A'fWfcM.  (  Ot+'O  M 

'Be^Fvrs  6>jn^u®o  ? 

^TYUicruvtcS^  /V*<?  $  (f*x~  UMw)  ■  /3*cAjS€  *+Jty  2 $*/> 

l  b  TS  fZrO€S>^  A/A*6+f7»*J  STjUcpjeSS , 

Ttt€  ftw* oAv-  ^Amu6-S  F«vu  T^50  \TT-Hi  pwiCwfr-  7*^ 
f=v(tsr  Oo  ye**.?  of  th-e  fie»r«t-r  &e 

^3C1.  1)0^106  T>te  UA3T  'feA*.S  Op-  "Pfe  P*Mfr<T, 

Tlte  (J.oo<uSHMt*T  p^ocHUvf  i*1ooi~0  PecAeASF  7¥e  /h>6fc*6^ 

e£oSioiJ  £ATF  r£-**  TH-e  pt^^r  A<^fc\V/v^/?  Vn^r 

£-  f e**r/le*C)  -j>0  TH«  “ MM\)^rv" €jU5/«^  /fcfje  £  1.0  Fcet/t*.). 

T IhS  'benenr  CA-J  'Se  €AP^F5S6C?  AS  2.3 /£  op  T** 

HArHcr  uJt4i£*4  ^  ArGWi*^  u)o<Jui0  6QvJA>—  ^^'^G"7- 

TWvjS  (  THrt  fafrAMe  A^huAt^  “Se^C-fnT  ^n-  P^oT&^o^  of- 
ILe^i P€*ruvw  uA»jr?  a>ok?  pi2<ffe^ry  \*> 

2..  7H«  ttecAeA^fcJA^  B&^ehn  W  Ff^o** 

(M^t^e*irAnloO  OP  X  Afc<r  l>oC<JM6~TlrO  rJ 

F  (vmu  F-%). 

Ay&VrGe  Av^v^n-  de^&i^ir  ~  238(4- 

“ToTAl,  X^ffTTS  p«vu  X 

T^e-e^T/t^s t  RA1I0  *=  ©74 


E  -2lq 


X 


V^rwMhOi  War  bo  r  OVa  Sechov^  M\  S+ud^ 
BevAeW.TS  Co'A+nAued : 


‘lo  fr  '-oide  teach  restaratfovi  ooO  -feeP  ua  leivaf£  ^ 

ic^ao)-  1200  v  ‘ 

-n«-  -'--■■■•  •  •  *  * 

0  ■  A  a  -r\  O  _ 

=  7*733  V# 


T1a£  value  of  -bis  recreafnowxl  fceue-nV  ac'->a  -n€_*^rg5 


allQ0 


-Pro»vA  Tab\e  4J  SecficTo  oil  ’.5  _ 

r  \  .  3COo42 

or  1200  (.133)  =  5178  Ar. 

B  'Ace  -Hus  beach  is  predicted, -Hus  beiAefir  skouJdi  dsf 
TOf  tv\(5  50  vjr  Irfe  a'0  g^AuaWaveraoe  beiAefif  =^52.lg  / 


ur 


-  ~A  +v'errS'?eroci  rtxrk  area  crduvariu  ^.ere  '^cudd  ce 
x  blo+f  /  recreaHcvvo.\  less  cH3isb^/V  per  Table  4 
if  a°  'rAm^cctvoA  measures  xere'  uwderiaireu  .  HAder 
w^rvxaHwe  x;Aoxever)  a  -zo4*ioide  ceacU  is  /abed 
Oioao^  ,Vus  <eWpreUv\e  awd  a.  reunslvMevbt  DmoqraA  is 
uvxder-WxWevs  uoKicW  reduces  Has  erosion  rbrie^fA m 
^  <Sr, ,  40  I0rfr/yr  Office  e- 26).  The  ;e-  resalr 
J  lo  4  beoiob  res-+brtl+io\A  n,il\  last  ,2o  ur$ 

OS  lore  "-be  XOaISS  ^  LmG.sIa  id"  Gd-OCX  1  Ouri’^  -Hus  -■rs-r 
dogears  -rhe  bluff  Is  protected  a^d  If  will  wert  erode', 
ivws  equates  H/a  cewefif  cF  Ei583Ar  x20^ r  ur 

avercvAe  avwsuaA  'oeueHf*  - ^5— p — J  ~  ^  o. 

4\SOjCJurvvsA  H\e  last  so  Mrs  of  project*  Itfe,  -Kv£  ercsiou 
rtde  vs  reduced  cy  o.h  -?W  as'  opposed  fo  u4  AvV 
ir  ^  ^rfc^cr  ^  0. 28><25  -HUiS  cad  'also  be  declared  as 
a  'cevxeKt  ( ,28<s  A  SBQVsdS  _  a  an  /ur 

150)  J 

wv\ Auod  ave  raae  cev\pAf  1  s  *  1  q  n  A  ,^r. 

vx  l^°'P1'  pbae  teach,  of  SWer©d  Pbrb  as  sUouda  above . 

wvU  locsr  ov\v^  lo  prs  a+  -He  re duced  erosion  ra+e  r-f  to-Hur 
Over  fkvs  2o  yr  cened  a  r2creafiov\a\  bewdaf  cau  be  "!'J 
derived  Svvular  fo  ^2.  above .  AtSSuvaawac.  cxv\  a.vera.a<2  ;o4r 

xde  teach  ever  fhe  ZourSj  ffe  -fated  area  is  ic  x  Aoo 
■HoCO  rf2  x.  H3b  34f2  /yr 

a 2^2  20  -  ^4 >05  a’AAual  av<srace  benefit 

^  ■  . 

U)  Js\AP  SvMvlar  .reascvu^Q  fo  -fhad  cf  =2  above,  AVer  perdevvs 

OrTTre  Clurr  Oi'u  -rode  for  -He.  firsf  eo  Mrs  ioU’tl«Cu 

-rHeetvjeaacU  -roHs  -VW^\  pouf  HAer^afVer, 'Mill  erode  a 
reduced  ^  UsrAQ  Ae  average  auwuai  less  of  resvdevchal  iuwd 
dus  resdevH\a\  lfrdcfu.res  rrOu  fable  4  r.ovO  as  a 

-TA.e  2'aauhI  average  be^ent  \s 

(2^^3290)20  +  C^HlB^ZCoV.  28^(20)  =  ^lOA'+B/ur 

__  ^  5  o  .  __  So  - e_2 - 

~ ^  icrrcal  Se'Ae-Pits  =  3lQ ,B<ob  a-vAuailo 

~ ►  B€AefH/Cosf  Ka-ho  =  ~  0,583  £.zx 


/ 


Mervuilvov\  Harbor,  O'^'o  Sec-bto'A  \\\  SHwduy 
£\/alu a.'no'A  erf  MvH’cjCehotA  4iferr\a.'hves 

Al-^ryva-hve  JL  8 eacU  Moar-;^V,v3'.xjr  -  OpH  waUAu.  Ra^ 

Vf  t\\-\c.rAoM\iz  T  \$  cka'AC^ed.  sUOjWVU^  Ho  UAclud  e  local 
pacfidpa7\or\  "\  "rfe  beac'w  fou.nShwyev\-f-  proa  raw  -rke 
avwwAal  cosHs  'AiUl  ihcrease.  hud*  rfke  bev\efofs  skoula 
mar ease,  muck  wore  . 

iworjor  -feorfu-rec  of  -H-us  aHerv\o.+we  cure.  '. 

©  Co'A«srru.C+'. oa  of  a  'aClo  ^ccia  -OrpufAxc  d\C  VAariAe  '‘Uu.seu.VA 

CcV  ~H\6  \CCCfVlo\A  CXud  or^OvttcflCXA  St\OtUf»  C*A  -f^urc  -  2.  • 

©  beac'-v  res-tomdiovA  easb  of  -Hus  pyrotv\,  m  areas 

vut/uck  W^xe  eroded  due  fo  -fhe  wav^a-hew  sfraefares  > 
(3)  s>Vorei\y\e  flss+o  radios  rfrovr\  foe,  aroii\  toesb  do  Ccevv  Gbdd 
toUvcW  is  4-K-e  assumed  ioesVerv\  'ttvulT  erf  Tvrflueuce 
of  -tt\e  Aownaa-hcra  looirbs^awd 
0)  d  VvourisV\<Medx  proarrwvA  tokicU  udll  depasrp  qw  aw 
av\v\u.aJ  basvs,  cw  of  beack  '.waderied 

€.QLU.wa.\euJ\  do  Tv\£N%uAou.ud  erf  <srostov\  a'HrVout'aUe 
fo*  -H\e  federal  KbaviQ<rHov\  fork's  o\i.0r  a,wd  adov/e 

dcAe  Aa+aral  2 rosier  OuOwcf\fM  wUfok  would  occur 
ha  ck -foe  v\avfocdrufo  trrnucfoires  act  beeu  built- 

(D  av\  add\+iov\aA  cuaaouu.+  of  i\0urishw2vd  -pihaiACed  b^j 
leca'  \vderesls  wkick,  votll  replace  i  am  aw  auvuuad 
basis,  -foe  qvacuwcV  of  ModenaA  eroded,  bu  waVaral 
-forces  Qf  foe  pre-  na\M<^afo.crv\  sfouefures  rtxHe 

^ee  rfV^ure  6-9  -for  M-for\afnve  IT  pk^svcal  -reatares 

The  Quawfohes  avd  Cosfs  rf'fsrf  -four  vfovws  are. 

foe  savue  as  presevfoed  fo  al+ernafowe  X 
’FeacVare  5  reCLuires  av\  addlfoowaA  awa.ou.udb  erf  bsack 
Acurish  ’Mead  Aeeded  fo  provide  foore  qabilifo 

lie,  avuoui  _  of  beACk  woden  cd  ercdiwc  equals  aM\cuwd 
wade  up  fo  foe  Aour\sV\  iu£ud  prccra.iM  .  ‘ 
fo-ow  rape.  6-20.  .  .  „  u  . 


Tke  Hofou  aua.vsf v+u  'ACbdisd  for  tHa\?Ui-K/  =  73S4-  i^d3/ur 
Tke.  aa\v\'umu\m.  -federal  share.  =  2123  hd 5/ yr' 

The  required  locaf  par-Hcipafibi/t  =■ 

Tk  -Vhis  al-terACtrhue  Hke  IbiH-  ud’/yr  AcunsWevct  -s 
p\aced  -foree  equal  parcels  c-f  2^fcl  ^dVar  each 
6T  appra^\\ModTsfo  dulcet  IctaB  2P,52avMdL7A-  depet\dUu0 


■  appra/.\,\MaTe,vi 

ova  access  co> 


a*-; 


dercdvouS 


e-22 


I 


*»!'*•  »/ 


Vecv\At\\ov\  Harbor  ^  OklG  SechGvs  III 
A,\4erAat\\ie  TL  Cost/feeAe-Kt  A^alu^vs 


aBGSSSQB^eSSI^nB^BHHBl 

Guawh-h* 

Uvuf  PnCS 

mmm\ 

(D  Marine  WuseuwG  rot  a  Construction 
Blanket  Mi-i  0.15  4o  lb  lbs 

Head  ^^acr  \aso4o  3*200  lbs 

Truvv^  Arw.or  1050  fo23co  .lbs 
®  Museuwi  /Ci+ij  beack  Res4o'ratiovri 

0  Shoreline  Nestor  atio'A 

- -r=r- 

'500  ijd5 

52  tons 
Tkoteus 
ICSInd3 
IT-flUCty5 

S21/^ 
3  33/4©* 

^  3S/4= 'A 
3 10  Ab3 
3  io/$3 

\zzco 

1150 

3>\(o3G 

1O9T0 

12T4CO 

a  Subtotal 

b  Conti  a  aet\Cu  @  1 &/6  of  a 

C  Babfaku  a+b 

—  4  EAQjUAeenlv^  s  fcesig*\  @  2.0  %  4  c 

C  Sucecwsiok  4  M iv\ua *st  ration  </5>  i%c4c 

l&72°o 

ifeoflo 

*1  is,*^ 

11-317 

f.  Ov&v'Wc^JL  **t  S>.fa%  0 

‘  Firyb  Cost  Total  (-features  1,2  4  3)  cHd-te 

1 1*0*5“ 
*2B3ySoO 

Annual  Cos*fS 

Cost 

/  CRF=n 

•  Annual  Cost  on  First  Cost  Itevns  (NT/s /<>T~50Hri  o.oic&u 
•-  b\\jcraae  I\aaucl\  Maintenance.  Costs 

5%  c£ -first  cost  or  qrow  fdus  tees  C  i*s '  ^ 

•  AwauuI  Cost  dr  Seack  KlounskweAt  -features^  4  5 
'iAiavwvu’m  F^deitxl  fartic (potion  zi'i}  i^Vyr  (^lo/ya2, 

<5$  Local  Participation  S’24\  Uciy^r  @  *to  /ud^ 

2o85o 

3?So 

ZlZ3o 

5a,i>io 

"'  '  "  .  .  1  0  *  1  '»  "■ 

Total  Av\<\ual  Cost*  cf  Mitigation  Alternative  TE 

* 

I*  ”1 Ht€  A"CTU»J  S  TAa<-6^»  i*i  A ATW*r  TE-  cA«/s€. 


-p\r6  e*sr>^<r  ezoSio/0  -p  ceA5e  ;  a?j 

FrrU  (Le^OgvJTAru  U4rL<?  »F  ^  9(/'Z& 

A*itf  R*L  R,6SW6«TIAv  prfUffcM^  of  f17oo.  T^S  T3TA-V 

SA^u-6-^  OF  ^H.iafc  M^Vr  oe  1& o^cev  To  2.3%  of  nve 

f-Z5 


0pc\0 


SccTXoJ  I U  ^‘T'J'PY 


6*-j'n*joeo  ’. 

T^T^n-  ptTVL.  Ttf’\S  A>JA~i,y$iS  ^  &£.  %  j  ^€c-4vf£  o 

'2^3  /a  6r  7>^e  TST/Vx.  eiL*5<o~>  /i1  Airfy£>o7?rtSL£  73  Thb* 

feOeRJ^  //Avtt-ATUJ  5'TfrJ&n'iZ€J . 

/fatfiA&e  7ie*xri=-7  r  ■=^4f3&  J 

'\?'c-c$l&atuj^  IBefie^rs  t>ue  ts  ’P^esejev>vrio-o  op 

eXJi>TU<i-  lAjJ4PS  AUO  C/leAT1*^  Dp  flt&t-ic- 

DeAs^s  -BeeA  CtHpvjp#  /j 

A&TlAC-e  Ar»*JjAn~  fc-ECte-An*-'*^.  13& *=- 
ToT/tl.  AoJ&ACrc  Av»juA\-_  ^G^a^rs  = 

Tbe^ef-vr /co5t  £>^0  —  ^4o(^ZS/  —0.4 1 

(  nw'uo 


t-lJb 


”  I  ■-  - 
< 


i 


VerMtltO'O  Har'ojr ,  QWo  Seotvc/A  \\\  Study 
Evaluation  ck  Mitvapt*iov\  Alternatives 


— AltgmarVwe  me  OeacU  VJourisWewtavd  SlAoc4Qro\n  Consfruc+io* 
tviorjor  4eo.t'-u*cc>  of-  -Hus  alter  *atwe  are. 


.O  Const r u. c+ 1 on  of  a  weco  cyrciin  -frputilvc  ^\e  'Uu.seu.vA 

-  cd*  •HnO  Iccatio-A  Oud  orv*i\tatncv\  £L\oui^  ca  4<au re  -  2.  * 

O  beaciv  rtstorad-io’A  ea^V  of  -j-UxS  cvrotiA.  \v\  areas 

ipUxcK.  eroded  due  to  tt\e  waviaattcw  structures  » 

- @_a\aQESJ.\v\e  restoration  -Pnon\  tte  orov\  icest  to  Ccen  &xld 

ioUvcW  is  tUe  af,m eel  weste-ra  iWu*  or  TvxWeuae 
Or  tUe-  -  v\av <  aprrxcvx  looirks  ^  and 
(4)  a  VvQunsV\t»A>2^1r  proarawx  Cokiclk  uoC l (  deposit  qu  ctvx. 
cmm\\a.qJ  txxSvSj  O'a  axwOO-ud  ct  loeacl/x  vwad^t-jaJl 
---- —  — €.a.'ai.va.\eul  to  -H'^dtxtxouwd  erf  ©rostcm  aftn  bui"aV»Ve 
to  ~U\e  federal  KSavigatxo'A  Cork'S  OM.S'r  a-ud  o.'covjs 
tV\e  vNO.ta.ra.1  erosion  QuOacK-Vu  oaUirJk  would  occur 

-  j.hacLrfcke.  Aav  ^at-icvs.  tfructures  v\crt  besw.  bal\f- 

- (ly— aia_acU±it  ibv\ai  aiuouuv.t  of-  ixourisluwsvd  ^-PiAO-uceci  by 

local  i detests .»  wklcb  loill  replace  t  am  a'A  cuax\xxo.I 
basis,  +Ue  a'Mouvdr  of  vnaddnaA  eroded  bu  v\atu,raA 
-forces  ot  tte  prg-  nav  iaptiarv\  struct  cures  rote 
©  Construct \cVx  of  a  'scries  of  Short  QroiuS  alcnv-p  fQe. 
sKordiv\e  between  Viasvwv^toA  St-  ada  Ccev\  (2d  - 
ujtv^cK  >ilU  serw^.  to  Co\£to>n  t^e  restored  Oxc4 
re  Koua  sK  Cc\  swore  l  w£ 


See  -fxo^u're  £  -to  -for 

Pea.tu.res  1,2, 3  cud  4  qt« 
it  Iter  'motive  I  j  therefore 
be  redeveloped  . 


Mtecv\atvv£,  HI  cWysxcai  -fadures 

exactly  tte  saiue  as  d€\ie,loped  ian, 
ftese  ^ua^cKhes  ca<d  costs  will  wwt 


-ea+u.r-6  (3).  “\ke  (Xwaou'aA  of-  local  oar  tic  1  patios  va  &- 

wouri^MMevd  proqraw.  depends  npcm  V-Re.  ^iwxututy  of 

|AAOterxoi  _  wtaOk  ''Auwst  ’oe  added  Vo  twi  ^  federal,  ^dxre 
to  attxuu.  dvorelxv^e  Sla'oilctu  "T^'i ,  of  course  depeuds 
'AjpcvN  -t?e  cuuAcaudr  n'atefxaJ)  udv-cJb,  -xi  oroxi\  -field 
uix.W  tmp  Owuud  ■  nncuCwVclwu  o'a  t^e  beaclv.  J 


^ro  ^  dalC'-dcdur-'S  "tor  Ai l te.rv\ocK 're  X  pa  £~2D  2jjOudrvU( 
wu>ter\od  tigeded  dona  fte  "7 loo  ct  sVxpre'ivne  \ ’-n”- * 
tKe  stjudu  area  to  attaud  ^Norelike  stability  is  approx iwarelu 

738^  5*yyr  ^  o 


e-2T 


%  - 


/ 


i 


t 


ntoofc  feMvfies  : 


'VerWv  l\©v\  Ho'rbor^  OWv.o  t5ecH©v\  \U  SKxd^ 

» 

A,\4erwo.-T\vje  m  HaHre©  ca*bwu.ed 

'He  vv\e\olu  co\AsVru.cfed  sWcr*-  oroiv\.s  are 
So  9o  e#e,ch\)'t  tA  Wvamfaiuuu;  a  to  vf  l'A  Crease.  He 
sWoreAme  over  He  W£s  cf  HeH  s+r uua-Vures^  ^ew  ovdu 
50%  of  me  ‘SWoreUw.e  wAaH'n.oi  _  weeded  £or  stab  i  iffy  ko& 
tt>  'ce  'w<xde  up  cu.  b«ack  vvoansU  ue^. 

.15*4- ('.So)  *  5692  J^dVur 

Cf  _HvS  34  92  uct5  *  eie3  ^dW  uaiU  be  -Pi 'Agreed  federaJl 

fuAxdS  (cUMOUid*  orTTi  bufable^  7  J  ~  ^  1=5 

n}ver<fort  3682-2125  -  1569 

The  +okxl  du cud Hv  ,cf  56*32  i^cHur  uSill  be.  doced  \a  3  eauciA 
/pxfceH  cfT  apprtx \\Mobo\w  1251  ud%n  sacV\ "at  stexHowiT^ 
yf\ ,  32  cuud  depend  tup  upo^  access  coiASidevrrhbAS . 

feature  (2)  SWorf  Grot  a  CoiAS+rucfto^ 


to  Au\jiuuuon  ^ 

H^Vut  musV  be  r^guced  b*j  locai 


Spa-Cima  !  b>uv  sxquaaiui 
^bWoreiiA^e  ^  spaev 
©£  escC'bVv^q  H-h- 
Qrovi\*»  ia*o 


a 


e>Woce\vv*e ' 


E'lCVevd  <sf  prom  Held  ",  -fro**  neio  Marne  W\u&eim  ^roii>,  \oesf  ta> 

Coem  i^ooud 

He  cUav4  of  t&xs  sh-eVcU  ef 
uicxs  deH'r'AAiued  btA  useHAl  *€2* 
„-urea  <xud  He  Ht  dr  v\eco 
ccv\ApreUet<su>e  pfeux  -io  cc^xpar^^uiali^e 

\  iw.  ^wiy  i>»*  yOV^^  l^vS  Vv\ \  1A 1  lAA LaUAA  SfrixC-l  urs*)  . 

vwodi-ficcchcms  (see  Hpure  E’-lo-for  selected  locataHi). 
OnewVaJrvav,  '.  use  orieuAajha*  vion/ixcd  -te  exisfvvc.  ^>Woreliue 
as  He  sWorVesV  pr-oH  f©  swerve  H°pp^Hucko\ 
bov\sVru.C^Ho>\  ’.  f©r  He  purpose  cf  HviS  pre Iv'aaVvaOjtm  destovv 
rubble.  \,vcuud  CoUsfruCh-r>s  colli  be  US&a  %  a 
due  4o .  rf\e  Q^allabiUH  6>f  His.  xoa±e*ribd  TulaJl 
(deseeds  (  Wojoever*  sfcauAd  ccyvslder  fauubor  ^  sfsel^ 
or  CorvcreVe  Heed-  pliS  proms>  also. 

be^  de-VervA  i  v.ed°  cUj  ,deVaa  be)  beo-dv 


UvaoH  4  Si^e  :  ^i\l  - - .  ,  - - - 

proHl-os.  ^  -Vi^ai  desicH  -  for  Hue  purposes 
oHu.  mb,  0.2SavAAed)  averaae  pre-file  c^ix  be 
^.sea  lockiAO^  'cef^r  v^ror^Xodria^  . 


t 

A«.  v/s  He,  co*s.e  H  He  Manwe  t\AuseuA\  Grom  :  . 

de^v^N  \aVce  \eve\  us.  5*74-.\  isuo  (+5.s)  Hr  sHr^ 

desv^vs  \Aiave  pened  '.4  Ta  3-0  sec. 


e-zg 


#■ 


.*•  «•». 


Verwuhor  Harbor  s  OVnQ  SoohoiA  V l  V  SVud^ 


«aw,„d 
V»6t"  <4-‘ 

hsPef.—,,, 
*u-  T?2.» 


MlS  Slo.^b. 


Lwd  5faS- 


r’ea.-HA.v'e  c*  ioM^ued ; 


ksvjv*ed  ^ 

=y.vS+'Aq  — 
=h3*\«  1 

Exav<ab=  — -sr" 

-brorswv  c.  Jrruciij»\ 


•^vSSUWci  SroviA  rrfn.iC 


5-acV  _ 
-*£Sto  ^C\T  '(Tn 


TaS  -figure.  abovJe  Sgfs  T^vg  SleV3XLC'7\ 

WwxVk  of  avem^e  ffau^  ccr  S74.\  '<SlD  ou/d  3\  +esr 
resf^cVweU^ ,  w  ° 

These,  aro'vvs  lAeed  v\cf  \od  c>v\e  -fccrf  Wv^Uer  -VbvCiu.  1 S.<s 
fill.  f&.evj  aye.  ctasiow^di  -bo  covcfeuM  Tv\^  4cIls  2J.se 
oirov\A  crs^v  \s  \>s  fedT  a.bo\ie  ^e.  -ft  (l  elevocta-* 

Nj  x 

us\  a.s  'oreaJ<c\.vAA  ioa\i£  cov\cUf  icr^S  -to  apverv\  des>v^A, 

ds  *  deprA  or  wa^er  cvdp  -tee  duAwS  itanMS  -  H.'l-rrer 
t  =  period  of  desipvs  usu>£  -  J8  e^c- 
M  -  AeoorsCvcre.  dope  *  I  ,*4=0  -  c.O'fcfefl 

s  l£ziVr_  s  0,002.0  ttovaa  -noare  1-4  pcj>4  SPfr\ 

^.b/ds  -  0.4S_;  Mbi  3s(4,<^  *  4,0-ft- 


^.b/ds  -  0,4S  _;  4b  -  4s(4,2)  *  4,o  ft  • 

hiebs  '.  Sxo.^\^oxkoa  .of  -the.  des>ia'/\  u>a\)<2  uaas  aiso  oerfor-.'.'cd 
jTtli3\v^  aaiaawce.  -Provw.  >.  draft  C.  S.C2C.  '~eccrT 
XN  BS+'vucmhcj  Mea/re^otS.  Cow.d.Vfvci/'S  Ter  j^repular  vOaoe2> ' 
Sefi-U^  aw.d  Ahrens .  The.  re.su.Hs  of-  ^is^OMoi^svs 
VAd\o.ode  a.  des\Qv\  xxavie  HetaWr  df  3.4-f?  tu  Treouar 
'Ha\ie  44eor^.  °  ^ 

bbr  fhe  purposes  of  44\s  dies  i  cm  4ht  sUdHta  ccnscrjccf  us 
m cv\ ocUrcvvalf < C  desipM.  'JoaL^e  nevakt  Toe  AZ^d 

SI’acs  ch-fteveuce. ‘"fn  H£\e  desiQu.  '.s 

heckUbOcle.  d 


t“30 


VerM\l\o*\.  harbor  «  Obio 
reakxrs  <2>  Co\M-tuu£>di 


«Sec+\6<A  \l\  54ud«. 


&Sfi>uwA**i  a.  rubble  'w.ouwi  am^  w\VR.  aide  slopes  dr  '  •  2 
sr  aoj-cr  uv^fe  ° 

tOr  =  \ko  Ib/fr1  u)ui  -  b2i4" 

W  *  w  .xiTTi-  H  -  4.0  Cote  -2.o  \ 

tCo  (>r-  )  GaT £  er  -  2.S6  Ko  -  2.S  (aiiUMt  odU\«td^ 

^  ^°r  rough  angular  ^juarrgstaNe  v*.  2  \<tgers> 


i.7(ts Vffi 

6\2£  waccKca  allowed  0flW4o2.0W  cr 


Krwcor  Q-o^e 
430  4o  fo«3o  lbs 


First  UAderiaupir  av\g\  SiJC ’.  v&n&S  0.cfeW-W»  02w  or  32  4o  10*8  lbs 
feeddvhg  ta^er  (>b\oM,lat'|  svjel  Voonti  o.coois  or  p.og  ^  5, A  \bs 

TbicKAess  of  ^rvAor'Vs.v^r :  r*  ^  =  2  (i,is')^?)'/3  r±_l£Llt 

Crest  WuM:  s  1  (^XgS^  =  5.3  ScujQ  =  4.Q-fr 

Crest  £levoch<rr\  :  5T4-J  \§LD 


kUeoivh^  -for  cl  1  -root  lauer  cwt 

VrvvAor  vlaMer  (^w.o  •f.-rst  Uudenajaer)  +Re, 
4&e  f\ro(A  °uiU  be  cxs  skucuOA.  belolo 


5-31 


YgrvM  i\ovN  Vior'oor,  yr.-o  -SecHo'A  in  Srudc^ 
cenJrure  (a  ccu+tiAued  * 


kteic  krfeil  o£  C^rom  iwduduAg  beddiu^  \<upr  ;£  £3>-fr 

""©  acc cv-ux^ccbs  -Hie  4ul\  cross  seekers  cf  r^£  Qrci a.  -to r 
c\  ^\cyCvP\.ccxM^  aorko  $£  ks  Ve^cV^  vV  fecessaru  4o 
exCONCde  9^<e-  beack  -for  yaiy\  GffvxsH-ucHe'n  J 

iXCavccncvN  ^u&vvfi-hei 

-frowv  break  v*.  slope  to  to^  U*a$.  s'S&k  debi^  =  ‘  -j  r  \,o44 

.  .  ^oW  -  629  4+ 3  Aa,,> 

ttova  ktdvnjrd  era  to  breaA:  Vewdft  =  5S  fb  ded&  -  ~V~  ~  3,l  ^ 

k  ^c^e.  wdflrGi  «  es<*  rt 

Motu**e  *  5o47  -ft3 

'Totod  vo\u.**e  5 21 S ft3  -  'l\rl 

fsp^toxiwAcdelu  soud\  dr  -mis  iMusb  fce  replaced  to>  All  Gok 
d&e.  oeocd\  to  vto  ck<j,woJi  profile  arou^a  fRe,  <yo\VN 

Sxcavjad-ujA  -totals  -for  \l  Groins 


TvruX  NolgiMe  excavjO^A  in  xi\- 

Nio'uwxe  redaced.  so  Ml  -  ss~o 


\jo\u,wC  avaXlo^le  foe, 
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APPENDIX  F 

LOSSES  TO  RECREATIONAL  USAGE 


The  extent  of  recreational  damages  caused  by  the  Federal  harbor 
structures  at  Vermilion  must  be  determined  to  find  the  benefits  attributable 
to  any  proposed  mitigation  measure.  The  methodology  used  in  this  regard 
is  to  find  the  expected  annual  loss  of  beach  or  parkland  due  to  ongoing 
erosion  processes  and  to  assign  to  that  area,  a  value  that  quantifies  the 
lost  recreational  usage.  In  this  way,  annual  recreational  benefits  of 
the  erosion  mitigation  measures  can  be  determined. 

The  two  public  recreation  lands  that  exist  within  the  study 
reach  are  Vermilion  City  Beach  and  Sherod  Park.  Annual  attendance  figures 
are  not  available  for  these  two  parks,  thus  necessitating  a  series  of 
subjective  judgments  to  determine  the  value  of  the  future  recreational 
losses.  The  choice  of  methods  for  determining  recreational  losses  com¬ 
plies  with  those  methods  used  in  the  syllabus  to  the  Section  111  Study  for 
the  East  Side  of  Vermilion  Harbor  (U.S.  Army,  Corps  of  Engineers,  1978). 

While  it  has  been  determined  that  the  City  Beach  will  lose  a 
small  amount  of  beach  area  in  the  future,  the  beach  fronting  Sherod  Park 
is  expected  to  maintain  a  constant  width  as  the  bluff  recedes.  For  this 
reason,  Sherod  Park  will  not  sustain  a  future  loss  of  recreational  beach 
area.  However,  the  park  bluff  will  recede  leading  to  a  loss  of  park- 
related  recreation  area.  For  both  City  Park  and  Sherod  Park,  the  increase 
or  decrease  in  beach  or  park  capacity  was  estimated  based  on  75  square 
feet  of  area  per  person.  The  75  square  feet  per  user  at  time  of  peak  use 
is  considered  to  be  the  minimum  needed  to  obtain  optimum  benefit  from  both 
a  beach  visit,  and  for  a  visit  to  the  bluff  edge  that  is  now  currently 
experiencing  erosion.  Under  peak  conditions,  a  utilization  rate  ot  30"  of 
tctal  capacity  is  assumed  for  both  these  recreation  areas.  This  utilization 
figure  was  suggested  by  the  City  of  Vermilion  for  City  Beacn  (Stanley  Con¬ 
sultants,  1978)  and  has  been  accepted  by  the  Buffalo  District.  A  value  of 
utilization  for  Sherod  Park  is  not  available  from  the  city  due  to  the  lack 
of  attendance  records.  Therefore,  it  has  been  assumed  that  the  currently 
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eroding  bluff  edge  would  experience  an  80%  utilization  rate  under  maximum 
usage.  This  high  value  is  due  to  the  recreational  popularity  of  the  lake- 
front  bluff  and  reflects  a  maximum  utilization  that  exceeds  the  level  for 
the  other  areas  of  Sherod  Park  where  specific  recreational  activities 
(baseball,  football,  and  other  games)  yield  lower  utilization  figures. 

The  "75  square  foot  per  user"  criteria  was  obtained  from  the  Corps  of 
Engineers  document,  "Digest  of  Water  Resources  Policies",  EP  1165-2-1,  1975. 

To  relate  the  change  in  beach  or  park  area  to  the  annual  recre¬ 
ational  benefit,  an  estimate  of  the  total  annual  number  cf  "user  visits" 
and  the  value  of  a  "user  visit"  is  required. 

Weekend  days  and  holidays  are  considered  "peak  days".  The  num¬ 
ber  of  weekend  days  and  holidays  between  Memorial  Day  weekend  and  Labor 
Day  is  33.  For  computation  purposes,  it  is  assumed  that  7  (22  percent)  of 
these  days  are  lost  to  bad  weather,  leaving  26  good  weather  "peak  days". 
There  are  about  100  days  in  the  summer  season,  and  about  67  of  these  (100 
days  total  -33  "peak  days")  are  "nonpeak"  days.  Again,  assuming  that  22 
percent  of  the  "nonpeak"  days  per  year  have  bad  weather,  only  52  days  are 
considered  "nonpeak"  days.  Thus,  26  "peak  days"  and  52  "nonpeak"  days  will 
be  used  for  the  benefit  analysis.  To  promote  conservatism,  no  utilization 
of  the  beach  or  park  is  considered  during  non-summer  months. 

Typically,  an  indi vidual  user  does  not  spend  the  entire  day  at 
the  beach  or  park,  and  is  replaced  by  another  user.  Therefore,  a  turnover 
factor  of  2.0  was  used  to  represent  attendance  figures  for  "peak  days". 

Also,  a  recreational  facility  normally  is  not  utilized  to  full  capacity 
on  a  given  day.  As  stated  previously,  based  on  information  provided  by 
city  officials  it  is  estimated  that  there  is  an  80  percent  utilization 
rate  at  Vermilion  City  Beach  for  "peak  days". 

Attendance  figures  for  Sherod  Park  were  not  available,  therefore, 
an  80  percent  utilization  "peak  day"  rate  was  assumed  for  this  area  also. 
Utilization  at  both  City  Beach  and  Sherod  Park  for  "nonpeak  days"  was 
assumed  to  be  one-third  of  the  "peak  day"  attendance.  Based  on  all  these 


factors,  the  estimated  potential  decrease  in  annual  attendance  due  to 
shore  erosion  at  City  Beach  and  Sherod  Park  was  computed  as  shown  in 
Table  F-l. 


TABLE  F-l:  Present  Annual  Recreational  User  Loss 

Annual  Area 
Loss  (SF) 
(Appendix  D) 

Peak  DayA 

Loss  (Users') 

Non-Peak** 

Day  Loss  (Users) 

Total C 

Annual 

User  Loss 

Sherod 

Park 

1,890 

1,048 

681 

1,729 

1  City  Beach 

60 

33 

22 

55 

A. 

Peak 

Day  Loss  =  A-I-ea  ^s  J.SFJ  x  - 
uay  loss  75  SF/User  *  i 

—p- X  80%  Utilization  1 

X 

Peak  Days 

26  .  Year 1 

B. 

Non- 

Peak  Day  Loss 

Area  Loss  (SF) 
75  SF/User 

^  „  Users  v  80%  „ 
Day  3 

rn  Non-Peak  Days 
^  Year 

C. 

This 

equates  to  0. 

915  users/SF  on 

an  average  annual 

basis. 

Once  the  annual  user  loss  is  known,  a  value  for  each  user  visit 
must  be  estimated.  This  has  been  done  using  information  contained  in 
"Procedures  for  Evaluation  of  National  Economic  Development  Benefits  and 
Costs  in  Water  Resources  Planning",  Water  Resources  Council,  1979.  In 
this  document,  a  point  system  was  developed  to  evaluate  the  level  of  "value" 
of  a  recreation  area.  Table  F-2,  taken  from  the  Water  Resources  Council 
document,  shows  the  method  by  which  Sherod  Park  and  City  Beach  have  been 
judged.  For  the  basic  criteria  given,  the  two  areas  have  been  assigned 
"scores"  as  follows: 


tifttr*?.  -  & 
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Guidelines  for  Assigning  Points  far  General  Recreation 


■Rammsm 

a)  Recreation 

Two  general 

Saverai  general 

Several  jenerai 

5ev*rai  general 

Numerous  mg 

Experience 

activities  2./ 

activities 

activities;  one 

activities;  nor* 

quality  valu 

nigh  quality 

than  one  high 

activities ; 

value  activity  W 

quality  hi^h 

some  general 

activity 

activities 

To  tai 

Points:  30 

Point  Value: 

0-4 

5-10 

11-16 

17-2  3 

21-30 

o)  Availaoility 

Several  wi thin 

Several  v’.mu 

One  or  two  within 

Sone  vi  tnm 

Sone  within 

o: 

i  dr.  travel 

1  Hr.  travel 

l  hr.  travel 

1  Hr.  travel 

2  Hr.  travel 

apoortuaity  7/ 

tiaa;  a  :«v 

: ime ;  none 

time;  none  within 

tune 

time 

viraia  30  sia. 

•ulema  1C  sen. 

45  Pin.  travel 

travel  tine 

travel  time 

tim« 

Total 

Points:  .3 

Pom:  -’alue: 

0—  3 

l-o 

7-10 

1  -  L  - 

1  5-t  3 

t  j  la  cry  mg 

Mimnuc  feci- 

lasic  facilities 

Adequate  tacili- 

Loticiuc  tacili- 

Li  ti-TUtS 

Capacity  _!/ 

lity  develop- 

to  conduct 

ties  to  conduct 

ties  :p  conduct 

facilities  t* 

cent  for 

activity(ias) 

wiihoirt 

activity  at  site 

achieve  in- 

public  deal  id 

■deterioration 

potential 

tent  oc  s«- 

and  safety 

of  the  resource 

lectsd 

or  activity 

al  ternative 

experience 

Total 

• 

Points:  14 

3oinc  Value: 

1-2 

3-5 

D— ^ 

3-21 

12-14 

1)  Acsassioility 

Lisitsa  access 

Fair  access 

Fair  access. 

Coon  access. 

Lo cq  access. 

by  any  means  t 

p  poor  duality 

:3ir  road  to 

good  roads  to 

High  staneax: 

site  or  within 

road^-  ts  si ta; 

site;  fair 

site;  fair 

road  to  site: 

site 

limited  access 

access,  good 

access,  good 

good  access 

■uic.Hin  site 

roacs  within 

roads  within 

•vi thin  site 

Site 

sits 

To  ca-i 

Points:  13 

,0tnt  Value: 

2-3 

0 

*  !  —  \  1 

15-13 

e  J  iavironnentai 

-ow  esznetic 

average  escr.e- 

APove  iverage 

-.ign  est.-.etic 

uutstandmg 

luaLity 

factors  5.' 

tic  tualifv; 

esthetic 

quality;  to 

astnetic 

exist  thax 

factors  exist 

quality*;  any 

factors  exist 

quality;  no 

sign  if  leant  1/ 

t.Hat  lower 

Halting  iac- 

tr.ac  Lover 

factors  ejcis: 

Lover 

qua 1 icy  to  ein or 

tors  can  be 

qual  wry 

;.-.at  lower 

quality  6/ 

degree 

reasonao  i.y 

cualitv 

rectified 

Total 

Points.:  20 

Pome  Value: 

3—  2 

i-o 

*-to 

L 1  -  L  5 

16-20 

l  •’  3 .  ue  snculc 

o«  ad ; us t  eo  ;oc 

overuse . 

Z_.  Value  for  vat 

a  r -oriented  act 

ivities  snoull  oe 

adjusted  .:  sigr.if 

leant  seasonal  vat 

a:  level 

changes  occur 

3.  lenera-  acti/ 

".ties  induce  t 

nose  tiiax  are  common  :o  me  region  and  that  are  usuail 

y  o  i 

".ona*  rjai*. : 

.  This  includes  picnicking.  caooing,.  nixing,  rtci 

ng,  cycling,  anc  : 

psccr.g 

ar.c  nuntt.n~  o 

:  cocaai  cuaiit 

V  . 

4/  dign  ouality 

value  activities  include  tncsu  taac  art  not  common 

to  the  region  me/ 

OC 

"at con  anc  :nat  ?r?  usually 

o :  Tier,  -jus  l  tty. 

5>  la  j  or  est.neti 

z  ouaii ties  to 

oe  tunsidereu  ..id 

ude  'in. og7  anc  :r 

oogrtony,  .-a car,  and 

vegetation. 

6j  'actors  :o  oe 

tonsicerec  in 

lower. ng  lualit*  i 

uciude  nr  and  water  oollution,  oest 

s.  ooor 

c  i  C  e  ,  J  r.u 

jnsigntiy  aC.acent  areas. 

7  1  ...e  1 -Hood  3! 

success  at  :  lining  and  nuotang. 

3  Intensity  o: 

ase  for  act i /it 

y  • 
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TABLE  F-2 

VALUE  OF  RECREATION 


CRITERIA 

SHEROD  PARK 

CITY  BEACH 

1.  Recreational 
Experience 

Score 

8 

j 

Justification 

Picnic,  hiking, 

fishing, 

swimming 

Score 

3 

Justification 

Swimming,  picnic, 
sightseeing 

2.  Availability  1 
of  ! 

Opportunity  j 

1 

5 

Lakeview  Park,  Lorain 
None  comparable  in 
Vermil ion 

3 

I 

i 

Small  beaches 
are  available 
el sewhere 

3.  Carrying 
Capacity 

4 

Basic  facilities 
(parking,  restrooms, 
basebal 1 ,  etc. ) 

| 

|  2 

1 

Li  mi  ted 
|  facilities 

4.  Accessibility 

|  9 

i 

i 

| 

Good  road,  close  to 
town 

i  11 

1 

;Near  downtown, 
jeasily  accessible 

5.  Environmental 
Qual ity 

i 

8 

j  Good  quality,  quiet, 

J  serene 

1 

|  6 

i 

i 

j  In  town,  noise, 

]  traffic 

Total  : 

34 

25 

TABLE  F-3:  CONVERSION  OF  POINTS  TO  DOLLAR  VALUES 

Points 

20  30  40 

General  Recreation:  SI. 44  $1.68  $1.93 

A  A 

25  Points  =  $1.50  34  Points  =  $1.75 

Value  of  Visit:  Sherod  Park  =  $1.75 
Ci ty  Beach  =  $1.50 


1 


Based  on  these  scores.  Table  F-3  is  taken  from  the  Water  Resources  Council 
report  to  convert  the  point  score  to  a  recreational  dollar  value  for  a 
"user  visit".  Using  interpolation  of  these  tabular  values,  the  maximum 
value  of  a  visit  to  Sherod  Park  is  determined  to  be  SI. 75  and  a  visit  to 
City  Beach  is  judged  to  be  worth  SI. 50. 

Thus,  the  annual  value  of  the  loss  of  recreational  land  at  City 
Beach  and  Sherod  Park  is  as  follows  in  Table  F-4. 

TABLE  F-4:  RECREATION  LOSSES  DUE  TO  EROSION 


Annual  Area 
Loss  (SF) 

Annual  User 
Loss 

Val ue  of 

User  Visit 

Total  Loss 

Sherod  Park 

1 ,890 

1,729 

SI  .75 

S3, 026 

City  Beach 

60 

55 

SI  .50 

S  83 

Total  Loss 

:  $3,109 

The  level  of  demand  for  recreational  area  in  the  vicinity  of  Vermilion  nas 
been  studied  in  a  recent  document  prepared  by  the  State  of  Ohio. 


The  "Ohio  Statewide  Comprehensive  Outdoor  Recreation  Plan"  (1975) 
determined  tnat  the  following  recreational  needs  exist  in  tne  area  con 
taining  Erie,  Sandusky,  Ottawo,  Lucas,  and  Wood  Counties: 


1975 

1980 

1990 

Total  Beach 

Area  Required 

(SF) 

753,000 

889,000 

1  ,151 ,000 

Additional  3each 
Capacity  Required 
(Spaces  at 

75  Sr/soace) 

10,000 

11,300 

15,300 

Based  on  these  figures,  the  current  demand  for  recreational  areas  near 
Vermilion  that  allow  swimming  is  nearly  12,000  soaces.  By  immediately 
.oalting  the  ongoing  erosion  at  Vermilion,  the  annual  savings  in  terms  of 
oeach  visits  is  1,734  (1,729  at  Sherod  Park,  55  at  City  Beach).  This 
represents  1 5 "  (=  1,734/1  1,300)  of  the  present  beach  area  needed  to  meet 
the  existing  demand. 
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The  Section  111  study  conducted  to  the  east  of  Vermilion  Harbor 
recommends  erosion  mitigation  measures  that  will  create  additional  beach 
space  that  is  equal  to  IK  of  the  present  demand.  (U.S.  Army,  Corps  of 
Engineers,  1978). 

Based  on  these  considerations,  it  is  judged  that  if  the  ongoing 
erosion  processes  at  these  two  recreation  areas  are  halted,  there  exists 
a  need  for  the  recreational  benefit  provided  by  the  preserved  lands.  It 
is  further  believed  that,  based  on  the  documented  demand  for  recreational 
beach  space,  the  utilization  figures  used  in  the  economic  analysis  of 
recreational  benefits  are  valid. 

To  this  point,  we  have  attempted  to  justify  the  recreational  need 
for  the  shore  and  bluff  areas  of  both  City  Beach  and  Sherod  Park.  It 
appears  as  if  the  halting  of  the  present  shore  and  bluff  recession  will 
result  in  the  preservation  of  needed  and  desired  recreational  lands. 

As  a  means  of  halting  the  ongoing  erosion  processes,  several  of 
the  erosion  mitigation  alternatives  propose  beach  replenishment  plans  that 
will  add  an  additional  20  feet  to  the  existing  beach  width.  This  beach 
will  serve  as  a  buffer  between  the  fragile  bluff  and  the  erosive  force 
of  the  lake.  In  addition,  this  buffer  beach  will  also  hold  value  as  a 
recreational  resource.  This  resource  can  be  included  in  the  benefit  com¬ 
putation  with  the  understanding  that  in  both  alternatives  II  and  III,  the 
widened  beach  will  be  nourished  annually  to  retain  its  width  over  the 
50-year  anticipated  life  of  the  mitigation  plan.  The  benefit  computation 
for  the  widened  beach  is  complicated,  however,  when  one  realizes  that 
initially,  this  beach  construction  will  create  recreational  space  that 
exceeds  the  existing  demand.  This  complication  is  best  illustrated  in 
Table  F-5. 

It  must,  therefore,  be  understood  that  creation  of  added  beach 
space,  in  excess  of  the  presently  eroding  area,  will  increase  the  exist¬ 
ing  recreational  beach  space  to  a  level  that  exceeds  the  current  demand. 


TABLE  F-5 

UTILIZATION  COMPUTATION 


BEACH 

CONSTRUCTION 

BEACH 

replenishment 

AREA  OF 
PROTECTED 
BEACH  SPACE 
(SF) 

ADDED 

ANNUAL 

BEACH 

CAPACITY 

(USERS) 

CURRENT 

USER 

NEED 

PRESENT 

MAX 

:!TIL 

miticaticn 

ALTERNATIVE 

■C 

'j 

tj 

V 

•D 

> 

u 

V 

x 

u 

d 

a, 

3 

U 

V 

v> 

"i 

V 

a 

s 

u 

U 

X 

V| 

2 

3 

Vw 

V 

JZ 

'A 

area 

ADOED 

BEACH  SPACE 
(SF) 

l 

Yes 

Yes 

No 

NO 

20,200 

1,950 

20,157 

11, BOO 

sn 

II 

Yes 

Yes 

No 

Yes 

33,200 

1,950 

32,162 

c 

o 

or 

3?> 

III 

Yes 

Yes 

NO 

Yes 

33,200 

1,950 

32,162 

1 1,800 

3 ’’A 

IV 

Yes 

No 

No 

No 

7,200 

1,950 

8,372 

11,800 

7i» 

A.  Sherod  Park:  20’xl 300*  =  26000  SF 
City  Beach  :  20'x  360'  =  7200  SF 

3.  Area  saved  if  erosion  was  halted  and  no  buffer  beach  was  constructed,  from 
Appendix  D,  p.  D-4. 

C.  This  assumes  0,91  'Jser/SF  as  shown  in  Table  F-3  (i.e.  80"  maximum  utilization) 
0.  From  "Ohio  Statewide  Comprehensive  Outdoor  Recreation  Plan",  1975. 


One  can  assume,  however,  that  as  time  passes,  population  growth  will 
create  an  ever  increasing  demand  for  recreation  space.  The  following  graph 
shows  the  future  growth  of  recreational  beach  space  demand  and  predicts  the 
time  at  which  each  alternative  mitigation  plan  achieves  a  maximum  utilization 
level  . 


~hus,  tne  beach  space  produced  by  the  beach  construction  of  the 
various  erosion  mitigation  alternatives  (with  the  exception  of  Alternative 
I/)  currently  significantly  exceeds  the  present  level  of  demand.  The  space 
orovided  in  Alternative  I  will  achieve  maximum  utilization  in  about  2009  A.D. 
Alternatives  II  and  III  in  2043  A.D.,  while  Alternative  IV  was  found  to 
orovide  beach  space  that  will  immediately  exhibit  a  maximum  utilization  level 
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DATE  OF  80%  UTILISATION  ALT- 1  ALT. 11,111 

FIGURE  F— 1  :  EXPECTED  RECREATIONAL  DEMAND  FOR  FIVE  COUNTY  AREA  NEAR  VERMILION  ,  OHIO 

SOURCE  :  OHIO  STATEWIDE  OUTDOOR  RECREATION  PLAN  .  197S 


To  determine  an  average  value  for  maximum  utilization  over  the 
future  50  year  period,  one  might  assume  that  the  existing  utilization  will 
steadily  climb  to  the  100%  level  and  then  remain  at  that  level  for  the 
remaining  life  of  the  50  year  period.  It  is  believed  that  this  is  unrealistic, 
however  because  the  anticipated  recreational  needs  used  in  this  analysis  (from 
"Ohio  Statewide  Comprehensive  Outdoor  Recreation  Plan,  1975)  are  for  a  five 
county  area  that  contains  Vermilion.  It  is  unreasonable  to  assume  that  by 
filling  the  expected  need  for  the  five  county  area  at  only  one  location,  the 
needs  for  the  entire  area  will  be  met.  It  seems  that  travel  requirements 
would  dictate  that  only  through  a  wise  distribution  of  recreational  space 
throughout  the  total  area  would  100%  utilization  of  recreation  space  be  achieved. 
For  this  reason,  it  has  been  assumed  that  the  present  utilization  levels  will 
steadily  climb  to  the  80%  value  and  remain  at  that  figure  for  the  remaining 
life  of  the  project.  Thus,  maximum  recreational  utilization  levels  of  greater 
than  80%  are  not  expected  in  the  future  at  City  Beach  and  Sherod  Park.  Based 
on  this  belief,  the  average  maximum  utilization  factor  can  be  computed  for 
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the  50  year  project  life  of  each  alternative,  as  shown  in  Table  F-6. 


TABLE  F-6 

AVERAGE  UTILIZATION  COMPUTATION 


2  +  30%  -  ^ 


]  (d)  -  198 0^  +  30%  ( 2030  -  j 


Thus,  using  average  maximum  utilization  figures  over  the  expected 
life  of  each  project,  an  estimate  of  future  recreational  benefits  can  be 
gained  using  methods  similar  to  those  shown  on  page  F-3  where  an  expected 
utilization  factor  of  80%  was  chosen  for  the  present  usage  of  Sherod  Park 
and  City  Beach.  By  assuming  the  average  maximum  utilization  factor  in  the 
previous  table  for  "peak"  day  usage,  and  a  value  of  one-third  the  "peak" 
cay  factor  for  "non-peak"  day  usage,  estimates  of  yearly  recreational  benefits 
can  be  made  following  the  reasoning  on  page  F-2  (100  day  summer  season,  26 
"peak"  days,  52  "non-peak"  days). 


Using  these  methods,  the  following  recreational  benefits  apply  to 
the  various  erosion  mitigation  alternatives  proposed. 


»  - 


RECREATIONAL  BENEFITS 


In  Table  F-4,  the  average  annual  recreational  loss  due  to  the 
existing  erosion  along  the  study  reach  was  computed  to  be  $3,109.  Because 
only  29%  of  this  loss  is  attributable  to  the  Federal  navigation  structures, 
the  actual  loss  that  can  be  applied  to  the  Section  111-type  mitigation  actions 
is  $902.  This  requires  a  reduction  in  the  recreational  benefits  derived  in 
Table  F-7  as  shown  in  Table  F-8. 


ACTUAL  RECREATIONAL  BENEFITS 
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ATTACHEMENT  1 
ECONOMIC  REEVALUATION 
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WEST  SIDE  OF  VERMILION  HARBOR  PIERS 
ECONOMIC  REEVALUATION 


Future  losses  of  shorefront  acreage  are  determined  based  on  the  bluff  and 
shoreline  change  analysis  conducted  by  Tetra  Tech  (final  report,  July  1980). 
Damages  are  calculated  under  existing  conditions  ("No  Action"  alternative) 
and  under  four  mitigation  alternatives.  The  differences  in  damages  under  a 
mitigation  alternative  and  damages  under  the  "No  Action"  alternative  are  NED 
benefits  to  the  mitigation  alternatives. 

Damage  categories  included  in  this  evaluation  are  residential  land  loss, 
public  land  loss,  residential  and  public  structure  damages,  and  recreational 
beach  value  loss.  In  addition  to  damage  prevented  benefit  categories,  the 
proposed  mitigation  alternatives  would  provide  additional  public  recreational 
beach  area  for  which  a  benefit  to  the  recreational  value  added  is  calculated. 

Residential  Land  Loss 


Existing  long-term  erosion  trends  indicate  that  4,190  square  feet/year  of 
residential  land  is  currently  subject  to  erosion  west  of  the  Marine  Museum 
property  (Profile  No.  78)  extending  west  to  Sherod  Park  (Profile  No.  19). 
Local  realty  sources  provided  market  value  information  for  average  lakefront 
lots  in  Vermilion.  An  average  lot  (90  feet  X  200  feet)  has  a  market  value  of 
$40,000  (1980  prices).  This  equates  to  approximately  $2.25  per  square  foot. 
Therefore,  total  average  annual  residential  land  loss  damages  are  calculated 
as  $9,430  per  year. 

Public  Land  Loss 


The  bluff  and  shoreline  change  analysis  indicates  that  long-term  erosion  will 
continue  along  two  public  properties,  the  bluff  fronting  Sherod  Park 
(Profiles  6  through  18)  and  the  Vermilion  City  Beach  and  Marine  Museum 
property  (Profiles  79-84).  Though  Sherod  Park  bluff  presently  erodes  an 
average  of  1,890  square  feet  per  year,  Sherod  Beach  fronting  the  bluff 
remains  relatively  stable  as  a  result  of  bluff  erosion  nourishment. 

Therefore,  public  land  loss  damages  are  determined  for  the  eroding  bluff  at 
Sherod  Park.  Losses  to  Vermilion  City  Beach  are  addressed  under  recreational 
beach  losses. 

Ideally,  land  loss  damages  at  Sherod  Park  are  measured  by  the  loss  in  the 
value  of  recreation  or  other  value  to  the  public  that  the  park  provides. 
However,  tKe  public  value  Is  difficult  to  calculate.  Therefore,  as  a  proxy 
land  loss  damages  are  estimated  as  the  residential  market  value  ($2. 25/square 
foot).  The  rationale  for  this  assumption  is  that  the  public  value  of  land 
can  be  no  les3  than  the  residential  market  value  of  similar  lakefront  land  in 
the  locality,  for  if  it  was,  it  would  be  in  the  public's  best  interest  to 
rezone  the  land  as  residential  and  sell  it  to  developers.  Therefore,  total 
average  annual  public  land  loss  damages  are  $4,250. 


k 


Residential  and  Public  Structure  Damages 


Six  structures  on  the  west  side  of  Vermilion  are  identified  as  being  damaged 
in  the  50-year  project  evaluation  period.  They  include  one  small  cottage 
with  a  replacement  value  of  $48,000,  four  large  houses  with  average  replace¬ 
ment  values  of  $121,000  each  and  the  Marine  Museum,  valued  at  $400,000  for 
replacement.  Average  annual  damages  are  calculated  using  the  assumption  that 
rational  property  owners  will  choose  to  protect  their  structures  via  shore 
revetment  rather  than  lose  their  structures  to  the  lake  if  the  cost  of  revet¬ 
ment  is  less  than  the  value  of  the  structure.  Total  average  annual  structure 
damages  for  the  six  structures  are  $8,080.  The  calculation  is  presented  in 
Table  1. 

Recreational  Beach  Loss 

Erosion  damages  to  existing  recreational  beach  activities  are  determined  for 
Vermilion  City  Beach.  The  approximate  dimensions  of  this  beach  are  20  feet 
(at  long-term  MSL  570.36  IGLD)  and  220  feet  length  providing  a  usable  beach 
area  of  4,400  square  feet. 

The  annual  recreational  value  of  this  beach  is  calculated  based  on  the 
following  assumptions: 

(a)  The  beach  is  utilized  to  capacity  on  peak  days. 

(b)  Attendance  ^n  nonpeak  days  is  one-third  peak  day  attendance. 

(c)  Twenty-six  peak  days  and  52  nonpeak  days  per  season  are  used  in 
this  analysis. 

(d)  Analysis  uses  a  2.0  turnover  rate;  75  square  feet/person  space 
standard. 

(e)  The  value  for  each  beach  visit  is  $1.50/person  (calculated  in  Tetra 
Tech,  June  1980  Report). 

Annual  recreational  value  at  Vermilion  City  Beach  is  $7,630.  Bluff  and 
shoreline  change  analysis  determined  that  the  annual  beach  loss  is  60  square 
feet  per  year  along  Profile  Nos.  79  through  84.  This  equates  to  a  3,000 
square  foot  loss  over  the  50-year  evaluation  period.  The  annual  recreational 
value  in  year  2032  is  calculated  to  be  $2,430.  The  average  annual  damage  of 
this  beach  loss  is  $1,010. 

Total  Average  Annual  Damages 

Average  annual  damages  under  existing  conditions  ("No  Action"  alternative) 
are  summarized  in  Table  2. 
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Year  that  Bluff  Recedes  to  :  Present 

Within  10  Feet  of  Structure  (1):  Wort1 


Table  2  -  Average  Annual  Damages  Existing  Conditions 


$ 

Residential  Land  Loss 

9,430 

Public  Land  Loss  (Sherod  Park  Bluff) 

4,250 

Structure  Damages 

8,080 

Recreational  Beach  Loss  (City  Beach) 

1,010 

Total  Average  Annual  Damages 

22,770 

Evaluation  of  Mitigation  Alternatives 

Four  alternatives  are  evaluated  in  this  analysis.  For  a  detailed  description 
of  these  alternatives,  refer  to  the  Tetra  Tech  Report,  July  1980. 

Residential  Land  Loss  Prevention  Benefit 


Under  Alternative  1,  residential  land  will  be  protected  by  the  implementation 
of  a  20-foot  wide  beach  which  will  last  20  years  (until  2002).  At  that  time, 
erosion  will  continue  at  a  natural  rate  of  1  foot  per  year  or  2,993  square 
feet  per  year.  Under  this  alternative,  average  annual  residential  land  loss 
would  be  reduced  to  $1,530,  and  the  residential  land  loss  prevention  benefit 
is  $7,900. 

Under  Alternatives  2,  3,  and  4,  residential  land  loss  is  completely  elimi¬ 
nated  and  the  average  annual  land  loss  prevention  benefit  with  the  three 
alternatives  is  $9,430. 

Public  Land  Loss  Prevention  Benefit  (Sherod  Park) 

Public  land  loss  damages  at  Sherod  Park  are  calculated  under  Alternative  1 
similar  to  residential  land  loss  damages.  Again,  a  20-foot  wide  protective 
beach  with  a  design  life  of  20  years  will  protect  Sherod  Park  bluff  for 
20  years  (until  2002).  The  natutal  erosion  rate  at  this  time  will  cause  the 
continuation  of  erosion  at  Sherod  Park  at  one  foot  per  year  or  1,350  square 
feet  per  year.  The  average  annual  public  land  loss  is  therefore  $690. 

Average  annual  public  land  loss  prevention  benefit  for  Alternative  1  is 
$3,650.  Under  Alternatives  2,  3,  and  4,  public  land  loss  at  Sherod  Park  is 
eliminated  yielding  an  average  annual  benefit  of  $4,250. 

Recreational  Beach  Loss  Prevention  Benefits 

All  of  the  four  proposed  mitigation  alternatives  provide  for  beach  restora¬ 
tion  at  Vermilion  City  Beach  and  the  Implementation  of  a  groin  located  just 
west  of  the  beach.  These  features  will  prevent  future  damages  to  the  existing 
beach.  Therefore,  under  all  four  alternatives  the  average  annual  recreation 
beach  loss  prevention  benefit  is  $1,010. 


Recreational  Beach  Value  Added 


All  four  mitigation  alternatives  provide  additional  publicly  accessible  beach 
area.  One  feature,  included  in  all  four  alternatives,  will  provide  for  an 
additional  7,200  square  feet  of  beach  at  Vermilion  City  Beach.  A  second 
feature  will  add  26,000  square  feet  of  publicly  accessible  beach  area  to  the 
Sherod  Park  Beach  under  Alternatives  1,  2,  and  3.  The  recreational  value 
added  for  these  features  was  calculated  by  (1)  projecting  demand  for  swimming 
within  the  study  area  for  the  50-year  evaluation  period;  (2)  determining  the 
recreational  beach  supply  (area)  of  competitive  publicly  accessible  beaches  in 
the  study  area;  (3)  allocating  demand  to  each  of  the  publicly  accessible 
beaches. 

Swimming  Demand 

The  origin  area  for  swimming  demand  was  assumed  to  include  three  townships 
adjacent  to  the  project  site.  No  larger  area  was  evaluated  since  the 
existing  competitive  and  the  proposed  beaches  are  considered  local  beaches 
not  attracting  more  distant  population  areas.  The  three  townships  used  in 
the  analysis  are  Vermilion,  Brownhelm,  and  Florence.  Ohio  SCORP  Planning 
Region  4b  household  participation  rate  (5.22)  is  used  to  determine  peak 
demand  for  swimming.  Average  household  size  for  Ohio  in  1980  (2.94)  is  used 
to  determine  the  individual  participation  rate.  Future  decadal  population 
projections  for  the  three  township  area  was  estimated  by  applying  the 
historical  annual  compound  growth  rate  from  1970  to  1980.  These  projections 
are  presented  in  Table  3. 

Table  3  -  Population  Projections  for  the  Demand  Origin  Area 


Project  Year 

Year 

Population  Projection  (1) 

0 

1982 

19,675 

10 

l  , 

24,369 

20 

2002 

30,183 

30 

2012 

37,383 

40 

2022 

46,302 

50 

2032 

57,348 

(1)  1980  population  in  demand  origin  area  is  18,851;  annual  compound 

growth  rate  is  2.16  percent. 
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The  individual  peak  swimming  participation  rate  is  1.78.  The  projected 
annual  peak  swimming  demand  by  decade  is  shown  in  Table  4. 


Table  4  -  Projected  Annual  Peak  Swimming  Demand  in  Demand  Origin  Area 


Project  Year 

Projected  Annual  Peak 

Swimming  Demand 

0 

35,021 

10 

43,377 

20 

53,726 

30 

66,542 

40 

82,418 

50 

102,079 

Swimming  Supply 

Four  existing  competitive  beaches  have  been  identified  in  the  study  area  that 
are  publicly  accessible.  They  are  Linwood  Beach,  Showsee  Park  Beach,  the 
existing  Vermilion  City  Beach,  and  the  existing  Sherod  Park  Beach.  Beach 
areas  by  beach  and  the  percentage  distribution  is  presented  in  Table  5. 

Table  5  -  Publicly  accessible  Beach  Supply 


Beach 

Area  (1) 

(square  feet) 

Percentage  Area 
of  Total 

Linwood 

371,448 

81.6 

Showsee 

24,300 

5.3 

City  (existing) 

4,400 

1.0 

Sherod  (existing) 

21,766 

4.8 

City  (proposed) 

7,200 

1.6 

Sherod  (proposed) 

26,000 

5.7 

Total 

455,114 

100.0 

(1)  Beach  areas  are  calculated  with  lake  level  at  the  long-term  MSL 


(570.36  IGLD) 
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Demand  Allocation 


Projected  annual  peak  demand  is  allocated  to  the  proposed  recreational  b  nch 
based  on  the  percentage  of  beach  area  provided.  This  allocation  is  shov;>  In 
Table  6. 


Table  6  -  Projected  Annual  Peak  Demand  at  Proposed  Beaches 


; 

Annual  Peak  Demand  Allocation 

to  Proposed  Beaches 

Project: 

Vermilion  City  Beach  : 

Sherod  Park  Beach 

Year 

Peak(l) 

Nonpeak(2) 

Total 

Peak(l) 

Nonpeak(2) 

Total 

0 

560 

187 

747 

1,996 

665 

2,661 

10 

694 

231 

925 

2,472 

824 

3,293 

20 

860 

287 

1,147 

3,062 

1,021 

4,083 

30 

1,065 

355 

1,420 

3,793 

1,264 

5,057 

40 

1,335 

445 

1,780 

4,755 

1,585 

6,340 

50 

1,633 

544 

2,177 

5,819 

1,940 

7,759 

(1)  Annual  peak  demand  estimates  are  determined  by  multiplying  the  percen¬ 
tage  beach  area  supply  in  the  study  area  and  the  total  annual  peak 
demand  in  the  demand  origin  area  (proposed  City  Beach  -  1.6  percent, 
proposed  Sherod  Park  Beach  -  5.7  percent). 

(2)  Annual  nonpeak  demand  Is  assumed  to  be  one-third  annual  peak  demand. 

Evaluation  of  Alternatives 


The  recreational  value  added  varies  under  each  of  the  proposed  mitigation 
alternatives.  The  average  annual  equivalent  of  the  recreational  value  added 
under  Alternatives  2  and  3  is  $7,980  -  proposed  City  Beach  $1,550;  proposed 
Sherod  Park  Beach  $6,430.  Under  Alternative  4,  there  is  no  beach  restoration 
at  Sherod  Park  Beach  and  therefore,  the  average  annual  equivalent  of  recrea¬ 
tional  value  added  is  taken  for  City  Beach  restoration  only  -  $1,550.  Under 
Alternative  1,  the  feature  providing  a  restored  beach  at  Sherod  Park  has  a 
design  life  of  20  years  (until  2002)  and  the  average  annual  equivalent  of  the 
recreational  value  added  for  the  proposed  Sherod  Park  Beach  is  $4,120.  The 
average  annual  benefit  for  the  proposed  City  Beach  is  $1,550  and  the  total 
recreational  value  added  under  Alternative  1  is  $5,670. 

Summary  of  Damages  and  Benefits 

Summaries  of  damages  and  benefits  are  presented  In  Tables  7  and  8. 
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Table  7  -  Average  Annual  Damage  Summary 


Alternative 

Structures 

Land 

Residential 

Loss 

Public 

Total 

$ 

$ 

$ 

$ 

No  Action 

■9 

9,430 

4,250 

1,010 

22,770 

Alternative  1 

B 

1,530 

690 

0 

5,200 

Alternative  2 

0 

0 

0 

0 

Alternative  3 

HI 

0 

0 

0 

0 

Alternative  4 

HH 

0 

0 

0 

0 

Table  8  -  Average  Annual  Benefit  Summary 


Recreation  : 

Land  Loss  : 

Value 

Alternative 

Structures 

Residential 

Public 

:  Existing 

Added 

Total 

Alternative  1 

$ 

7,900 

$ 

3,650 

— 

$ 

5,670 

$ 

23,340 

Alternative  2 

8,080 

9,430 

4,250 

1,010 

7,980 

30,750 

Alternative  3 

8,080 

9,430 

4,250 

1,010 

7,980 

30,750 

Alternative  4 

8,080 

9,430 

4,250 

1,010 

1,550 

24,320 

Benefit-Coat  Comparison 

Total  average  annual  benefits  and  costs  as  well  as  resultant  net  benefits  and 
benefit-cost  ratios  by  alternative  are  shown  in  Table  9. 


Table  9  -  Benefit-Cost  Comparison 


Total  Average 
Annual  Benefits 

Total  Average 
Annual  Costs 

Net 

Benefits 

Benefit-Cost 

Alternative  1 

$ 

23,340 

$ 

45,630 

$ 

-22,290 

.51 

Alternative  2 

30,750 

98,200 

-67,450 

.31 

Alternative  3 

30,750 

85,220 

-54,470 

.36 

Alternative  4 

24,320 

498,000 

-473,680 

.05 
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SECTION  I  -  GENERAL 


Introduction  and  Purpose 

This  report  summarizes  the  results  of  an  investigation  of  Llio 
shoreline  changes  of  Vermilion,  Ohio.  The  study  area  includes  the 
coastal  and  related  offshore  areas  in  the  vicinity  of  the  federally 
constructed  harbor  facilities  at  Vermilion,  as  shown  on  I’iguie  1. 

Recent  years  and  long  past  years  have  brought  about  significant  change-, 
in  the  shoreline  alignment  and  distribution  of  beaches  to  the  east  and 
west  of  the  Vermilion  Harbor  channel.  The  specific  objective  of  this 
investigation  was  to  determine  the  extent  of  shore  damage,  if  any,  due  i. 
navigation  works  and  that  due  to  natural  processes,  and  to  recommend 
whether  consideration  of  mitigation  measures  is  warranted. 

Vermilion  Harbor  is  a  small  craft  harbor,  located  about  37  miles 
west  of  Cleveland.  Deep-draft  harbors  at  Huron  and  Lorain  are  about 
11  miles  west  and  east,  respectively.  The  major  harbor  elements, 
shown  on  Figure  1,  include  east  and  west  approach  channels  leading 
from  the  lake,  the  lower  3,600  feet  of  the  Vermilion  River,  and  four 
artificial  lagoons.  Channel  protection  is  provided  by  parallel  piers 
and  an  864-foot  detached  offshore  breakwater.  The  facilities  are 
heavily  used  by  recreational  and  commercial  fishing  craft,  as  evidenced 
by  the  100,000  yearly  trips  to  and  from  twelve  yacht  clubs  and  marinas. 

Acknowledgements  and  Companion  Report 

This  Section  111  study  and  report  was  prepared  by  Stanley  Consul¬ 
tants  of  Muscatine,  Iowa,  for  the  U.S.  Army  District,  Buffalo.  The 
report  is  a  companion  to  another  Stanley  report  entitled  "Vermilion 
Harbor  Breakwater  Impact  Study,  Impact  of  the  Offshore  Breakwater  on 
Hydraulic  and  Environmental  Conditions,"  dated  March  1978,  also  pre¬ 
pared  for  the  Buffalo  DiBtrict.  A  brief  summary  of  Liu:  conclusions 


702  7 


1 


■*  -sows JW».  4 Mr#  y-rr-. 


*«r<  .vmm* 


from  that  study  is  included  in  Section  V  of  this  report.  For  Stanley 
Consultants,  Mr.  William  Allen  was  responsible  for  the  technical 
investigations  and  report  preparation  under  the  direction  of  Mr.  Bayard 
F.  Weizenecker.  Mr.  John  Annony  served  as  Project  Manager  for  the 
Corps  during  the  report  preparation,  Colonel  Daniel  D.  Ludwig  was 
Buffalo  District  Engineer,  and  Donald  M.  Liddell  was  Chief  of  Engineer¬ 
ing  Division. 

Study  Authorization 

This  report  was  prepared  under  the  authority  of  Section  111  of 
the  River  and  Harbor  Act  of  1968,  PL  90-483,  approved  August  13,  1968, 
which  states: 

"The  Secretary  of  the  Army,  acting  through  the  Chief  of 
Engineers  is  authorized  to  investigate,  study  and  construct 
projects  for  the  prevention  or  mitigation  of  shore  damages 
attributable  to  Federal  navigation  works.  The  cost  of  in¬ 
stalling,  operation  and  maintenance  shall  be  borne  entirely 
by  the  United  States.  No  such  projects  shall  be  constructed 
without  specific  authorization  by  Congress  if  the  estimated 
first  cost  exceeds  $1,000,000." 

The  investigation  was  requested  by  the  state  of  Ohio  Department  of 
Natural  Resources,  William  B.  Nye ,  former  Director,  in  a  letter  dated 
13  December  1974. ^ 

Development  of  the  Vermilion  Harbor  Project 

The^  natural  state  of  the  Vermilion  River  had  sufficient  depth  to 
accommodate  small  craft  only  in  the  'ower  one  mile  reach  prior  to  1836. 
Depths  reached  6  to  10  feet  (Low  Water  Datum,  Elevation  368.6  -  IOLD-1955) 
for  about  3,000  feet  above  the  mouth ,  but  less  than  two  feet  of  water 
flowed  over  a  sandbar  at  the  mouth. ^ 

Tlie  first  harbor  improvements  were  authorized  by  the  1836  Rivers 
and  Harbor  Act.  Parallel  piers  were  constructed  125  feet  apart, 
extending  lakeward  to  the  10-foot  depth  contour.  The  entrance  channel 
was  dredged  to  a  depth  of  8  feet.  This  work  was  completed  in  1839. 

In  1874,  the  piers  were  extended  to  the  12-foot  depth  contour.  No  further 
lakeward  extensions  of  the  piers  have  been  constructed.  Repairs  to 
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the  piers  have  been  made  on  several  occasions.  The  height  of  the 
piers  is  now  6  to  6  1/2  feet  above  low  water  datum.  The  harbor  rhau- 
nel  was  dredged  to  12  feet  between  1875  and  1878.  The  outer  harbor 
remained  essentially  unchanged  until  1973.  Four  lagoons  on  the  Vermilion 
River  were  dredged  in  1935  by  Lewis  Realty  Company,  and  they  are  not 
part  of  the  Federal  Harbor. 

The  latest  harbor  improvements  were  authorized  in  1958,  in  order 
to  provide  safer  entrance  conditions  during  heavy  seas,  and  to  reduce 
harbor  surge.  After  consideration  of  several  designs,  a  detached 
"T"  type  offshore  breakwater  was  constructed  approximately  300  feet 
lakeward  of  the  east  pier  end  (see  rigure  1) .  East  and  west  lake 
approach  channels  were  dredged  to  12  feet ,  and  the  8-foot  river  chan¬ 
nel  was  extended  to  3,600  feet  upstream  of  the  pier  ends.  The  break¬ 
water  construction  and  dredging  were  completed  by  December,  1973. 

Prior  Reports 

A  cooperative  beach  erosion  control  study  of  the  entire  Lake 

(21 (3) 

Erie  shoreline  of  Ohio  was  made  between  1947  and  1953.  These 

reports  provided  a  general  description  of  the  shoreline  transpoi t , 
hut  no  detailed  information  regarding  Vermilion.  In  1964,  the  Ohio 
Jepartment  of  Natural  Resources  published  a  report  entitled  "Eflects 
of  large  structures  on  the  Ohio  Shore  of  Lake  Erie."  Again  the 
information  is  qualitative  in  nature.  The  Buffalo  District  prepared 
a  preliminary  Section  111  report  in  January,  1976,^^  upon  which  the 
present  study  is  based. 

In  May,  1978,  a  Section  14  Reconnaissance  Report  was  prepared 
by  Dalton,  Dalton,  Little,  Newport,  Inc.,  for  the  Buffalo  District 
relating  to  the  design  of  a  protective  revetment  for  the  Linwood  Park 
bluff  at  Vermilion,  Ohio.  This  report  provides  some  quantitative 
estimates  of  bluff  erosion  rates  at  Linwood  Park  for  the  period  July 
1975  to  November  1976. 

Study  Work  Elements 

This  study  involved  the  following  basic  work  items: 
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1.  An  investigation  of  erosion  rates  and  shoreline  redistribu¬ 
tion  through  the  use  of  aerial  photographs ,  and  survey 

inf  ormat ion. 

2.  A  detailed  presentation  and  evaluation  of  the  littoral 
processes  governing  the  shoreline  characteristics. 

3.  A  determination  of  the  influence  of  all  federally  con¬ 
structed  navigation  structures. 

4.  A  sedi.nent  budget  analysis. 

5.  A  quantitative  evaluation  of  the  shoreline  realignment 
and  beach  distribution  changes  as  related  to  Federal 
navigation  structures. 

6.  A  recommendation  as  to  whether  mitigation  measures  are 
to  be  further  considered. 

Analysis  of  erosion  from  photographs  and  surveys  Is  presented  in 
Section  III,  and  the  littoral  processes  are  described  in  Section  IV. 
The  following  section  provides  background  information  regarding  the 
general  factors  involved  in  shore  processes  as  they  relate  to  the 
Vermilion  situation. 

The  major  areas  of  interest  include  the  Vermilion  City  Beach, 
extending  500  to  600  feet  west  of  the  west  pier,  and  Lagoons  and 
Linwood  Beaches  extending  approximately  4,000  feet  to  the  east  of 
the  harbor  channel  (see  Figure  2). 
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SECTION  II  -  SHORE  PROCESSES  AT  VERMILION  HARBOR 


Int  roduct ion 

The  behavior  of  a  specific  reach  of  shoreline  is  dependent  upon  the 
composition  and  slope  of  the  shoreline,  the  environmental  forces  that 
erode  and  transport  material,  and  the  presence  or  lack  of  sources  of  re¬ 
placement  material.  Man-made  coastal  works  also  often  have  a  critical 
influence  by  interrupting,  modifying,  or  trapping  the  flow  of  sediment. 

The  basic  mechanism  for  erosion  on  the  C.reat  Lakes  involves  waves 
attacking  the  shoreline  and  wearing  away  the  coast.  Material  is  raised 
into  suspension  in  the  water  and  carried  away  by  wave  induced  longshore  <>i 
offshore  currents.  Some  sediments  are  also  moved  along  the  bottom  by  wave 
forces  (bed  load).  The  transport  of  material  in  the  nearshore  region 
is  called  littoral  drift.  Net  erosion  occurs  when  more  material  is  trans¬ 
ported  from  a  location  than  is  brought  to  it,  whereas  net  accretion  re¬ 
sults  from  a  surplus  of  input  sediment. 

The  amount  of  erosion  and/or  sediment  transport  occurring  along  a 
coastline  depends  upon  the  material  quantity  and  composition  and  shore 
slope.  Stable  sand  beaches  often  provide  excellent  protection  from  the 
erosive  forces  of  lake  waves.  If  no  beach  is  present,  erosion  proceeds 
at  varying  rates  depending  upon  the  shore  material,  slope,  and  orienta¬ 
tion.  The  most  significant  factors  of  the  study  area  related  to  shore¬ 
line  erosion  and  transport  are  briefly  discussed  below. 

Shore  and  Beach  Characteristics  -  West  of  Vermilion  Harbor 

Tiie  shoreline  conditions  described  are  the  existing  conditions 
in  19  77.  Immediately  west  of  tiie  west  pier,  an  exposed  sand  beach 
(.Vermilion  City  Beach)  50  to  75  feet  wide  extends  600  feet  to  the  west. 

Tiie  bluff  behind  tiie  beach  is  about  10  feet  high  and  consists  of  boulder 
clay  overlain  with  lacustrine  deposits.  To  the  west  of  City  Beach  the 
shoreline  is  almost  completely  developed  with  residences.  Numerous  short 
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groins  or  stone-filled  timber  cribs  have  been  built  to  trap  protective 
beaches,  and  have  met  with  limited  success.  The  height  of  the  bluff 
gradually  increases  to  the  west,  reaching  30  feet  about  4  miles  from 
Vermilion. 

The  nearshore  lake  bottom  immediately  west  of  the  harbor  is  hard 
shale,  with  some  cobbles  and  boulders  and  occasional  small  sand  deposits 
(see  Figure  4) . 

Photographs  1  through  3  show  the  shoreline  west  of  Vermilion  Harbor. 

Shore  and  Beach  Characteristics  -  East  of  Vermilion  Harbor 

The  principal  area  of  interest  to  this  study  is  a  3,000- foot  beach 
commencing  at  the  east  harbor  pier.  The  beach  is  presently  250  feet  wide 
at  the  pier,  tapering  to  zero  at  the  east  end.  The  material  is  fine  to 
medium  sand,  with  gravel  and  cobbles  prevalent  near  the  water  line. 
Development  of  this  beach  represents  the  last  step  in  a  pattern  of  accre¬ 
tion  adjacent  to  the  east  pier  which  began  after  its  construction  in  18)7. 
It  has  been  estimated  that  at  least  500  feet  of  accretion  occurred  from 
1837  to  1847,  which  now  is  part  of  the  Lagoons  Subdivision. 

The  beach  area  ends  at  the  base  of  a  steep  Huron  formation  shale  bluli 
approximately  10  to  15  feet  high.  Glacial  material  5  to  12  feet  thick 
covers  the  bluff.  The  shale  outcrop  extends  for  about  2  1/2  miles  to  the 
east,  where  it  dips  below  lake  level,  remaining  submerged  until  it  rises 
above  water  level  about  one  mile  east  of  Lorain.  Grain  size  analysis  of 
the  bluff  material  indicates  that  only  12  percent  of  the  material  is  fine 
sand  or  coarser  and  suitable  for  natural  beach  building. 

The  bluff  behind  Linwood  Beach  has  a  much  larger  percentage  of  sand, 
but  is  too  short  to  be  a  significant  beachbuilding  source. 

Where  the  shale  surface  is  submerged,  the  coastline  is  primarily 
boulder  clay  overlain  with  sand  deposits  with  a  few  small  sand  pockets. 

More  complete  discussions  of  the  geology  are  given  in  References  2  and  3. 

Photographs  4  through  7  show  the  sand  beach  and  bluff  to  the  east 
of  Vermilion. 

Offshore  Conditions 

Offshore  bottom  contours  exist  in)',  in  1967  and  1977  are  shown  in 
Figure  3.  It  can  be  seen  that  little  change  occurred  during  this  10-year 
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Photo  2  •  SHORELINE  WEST  OF  VERMILION  SHOWING  PROTECTIVE  STRUCTURES  AND 


SMALL  BEACHES  (April.  1977) 


Flgur.  3  •  OFFSHORE  BOTTOM  CONTOURS 


DISTRIBUTION  OF  BED  MATERIAL 


period  at  depths  greater  than  4  feet  between  stations  22+OOW  and  8-K)0E 
(the  limits  of  the  1967  survey),  except  in  the  lake  approach  channel. 

The  nearshore  bottom  material  generally  consists  of  sand  parallel 
and  adjacent  to  the  shoreline.  Hard  bottom  wi th  cobbles  predominate 
offshore,  as  shown  on  Figure  4.  Sediment  siimples  of  the  beach  and  bed 
material  were  taken  by  the  Corps  of  Engineers  in  November  and  December, 
1976.  Sediment  grading  curves  are  shown  on  Figures  5  through  8.  beach 
sediment  is  fine  to  medium  sand,  with  gravel  interspersed  along  the 
shoreline.  Sediments  in  the  lake  approach  channels  are  essentially  clay 
and  silt,  with  some  fine  sand  near  pier  ends. 

Natural  Forces 

Waves  -  The  dominant  forces  involved  in  shoreline  erosion  are  winds 
and  waves.  Breaking  waves  impart  energy  upon  the  shoreline,  resulting 
in  erosion  and  transport  of  beach  material.  At  Vermilion,  the  larger, 
steeper  waves,  created  by  strong  northeast  and  northwest  winds,  are  the 
most  effective  in  eroding  and  moving  sedimentary  material.  Smaller 
(less  steep)  waves  tend  to  push  sediment  onsiiore  and  aid  in  building  the 
Vermilion  Beaches.  It  is  the  relative  frequency  of  wave  heights  and 
directions  that  determine  the  net  effect  on  a  shoreline. 

Winds  -  Winds  act  directly  upon  beaches  by  creating  shear  forces 
upon  the  individual  sand  particles  and  thereby  blowing,  sand  off  the 
beach  (deflation)  or  depositing  sand  in  dunes.  Winds  move  sand  in 
three  ways:  1)  suspension  where  small  particles  are  lifted  and  held 
in  the  air  stream;  2)  saltation  where  particles  are  carried  in  a  series 
of  short  jumps;  and  3)  surface  creep  where  particles  roll  or  bounce 
along  the  beach.  Most  particles  move  by  saltation.  Sand  moved  seaward 
usually  falls  into  the  wave  breaking  zone  and,  although  lost  to  tile 
beacli,  still  remains  in  the  littoral  transport  zone. 

Average  rates  of  deflation  are  highly  variable.  The  largest  wind 
transport  losses  are  usually  associated  with  accreting  beaches  that 
provide  a  broad  area  of  loose  sand.  Such  a  circumstance  could  occur 
at  lagoons  Beach  where  sand  overtopping  the  east  pier  necessitated 
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NOTE  Sample  locations  shown  on  Figure  4 

Figure  5  •  SEDIMENT  GRADING  CURVES  -  STATION  0+00  E 
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NOTE:  Sample  locations  shown  on  Figure  4 

Figure  6  •  SEDIMENT  GRADING  CURVES  •  STATION  4+00  E 
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Figure  8  •  SEDIMENT  GRADING  CURVES  -  STATION  2+00  W 
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entrance  channel  dredging  of  8,550  cubic  yards  in  December  1975. 

Except  for  this  one  spot,  wind  transport  is  not  thought  to  be  of  sig¬ 
nificance  at  Vermilion. 

Water  Levels  -  Fluctuations  in  the  lake  level  may  cause  an  extensive 
alteration  of  shoreline  conditions.  As  the  water  level  rises,  waves  more 
frequently  cross  the  previously  stable  beach,  causing  erosion  of  a  shore¬ 
ward  bank.  This  process  frequently  results  in  undercutting  of  steep 
bluffs  and  sloughing.  For  a  beach  system,  the  effects  of  rise  and  fall  - 
in  water  level  do  not  balance.  High  water  levels  permit  erosion  of  the 
bluffs  whereas  during  periods  of  low  water  level,  these  shoreline 
features  are  not  replaced.  Even  a  wide  protective  beach  will  readjust 
to  higher  water  levels  by  erosion  of  the  berm  and  accretion  offshore. 

The  changing  lake  level  also  upsets  the  previous  shoreline  balance  by 
permitting  larger  waves  to  break  closer  to  shore. 

The  beach  material  in  the  wave  breaking  zone  is  moved  more  readily 
than  material  offshore,  which  will  only  be  subjected  to  oscillating,  non¬ 
breaking  wave  forces.  A  beach  face  will  therefore  readjust  quickly  to 
a  change  in  water  level  conditions,  but  offshore  areas  will  adjust  more 
slowly. 

The  orientation,  or  beach  face  azimuth,  of  the  shoreline  will  not  be 
significantly  affected  by  variations  in  water  level  unless  refraction  of 
the  waves  is  altered;  that  is,  unless  irregularities  in  bed  topography 
occur  through  exposure  or  inundation  of  beach  material.  Such  irregulari¬ 
ties  are  not  significant  at  Vermilion  since  the  bed  is  formed  by  relatively 
parallel  bottom  contours.  Hence,  variation  in  lake  level  does  not  signifi¬ 
cantly  alter  the  angle  of  waves  breaking  on  the  beaches  at  Vermilion,  and 
little  significant  change  in  the  net  transport  of  sediment  on  the  beaches 
is  to  be  expected. 

9  in  the  Vermilion  area,  Stillwater  water  levels  vary  widely,  as  indicated 
in  Table  1.  These  fluctuations  are  produced  by  rainfall  and  runoff  in 
the  Great  Lakes  basin,  and  are  unpredictable  except  for  within  A  to  6 
months  in  advance.  Seasonal  cycles  also  produce  variations  of  1  to  2 
feet  with  the  highest  annual  elevations  in  June  and  July. 
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Item  IGLD  T.MPfl)  Hate 

Highest  monthly  mean  stage  573.51  A. 91  .lune  197? 

Lowest  monthly  mean  stage  567. 49  -1.11  Feb.  1936 

Long  term  mean  surface  (1860-1977)  570.  36  +1.76 

Yearly  Mean  1968  5  70.92  +2.32 

Yearlv  Mean  1969  571.54  +2.94 

Yearly  Mean  1970  571.10  +2.50 

Yearlv  Mean  1971  571  .27  +2.67 

Yearlv  Mean  1972  571.89  +3.29 

Yearlv  Mean  1973  572.71  +4.11 

Yearly  Mean  1974  572.52  +3.92 

Yearly  Mean  1975  572.27  +3.67 

Yearly  Mean  1976  572.10  +3.50 

Yearlv  Mean  1977  571.24  +2.50 

^Feet  above  low-water  datum,  568.6  (IGLD). 


In  addition  to  annual  and  seasonal  fluctuations,  storms  produce  water 
level  changes  'hie  to  barometric  pressure  changes  or  prolonged  stro:g  •Mnd’-. 
Wind  induced  "set-up"  results  when  strong  winds  drive  the  water,  raising 
the  leeward  shore  and  lowering  the  windward  shore.  This  effect  can  result 
in  water  level  changes  of  1.8  feet  once  a  year  and  2.3  feet  once  every 
five  years  at  Vermilion. 

I ce  -  An  ice  cover  along  the  shoreline  can  substantially  reduce 
erosion  by  reducing  the  wave  energy  imparted  to  the  shore.  For  this 
reason,  the  analysis  of  littoral  drift  is  usually  conducted  only  for  ice- 
free  periods. 


Sources  of  Sediment 


Tilt*  process  of  erosion  versus  accretion  of  a  hoarli  Is  depeiiileul  upon 
a  balance  of  the  hydraulic  factors  discussed  above  and  the  supply  of 
sediment  to  the  littoral  system.  The  only  three  possible  sources  of  sedi¬ 
ment  for  Vermilion  area  beaches  are  the  Vermilion  River,  bluff  erosion,  or 
offshore  deposits.  Sediments  carried  by  the  Vermilion  River  are  essentially 
silt  and  clay,  thereby  ruling  out  the  river  as  a  source  of  beach  sand. 
Offshore  deposits  of  any  significant  magnitude  apparently  do  not  exist 
in  the  nearshore  areas  off  Vermilion.  (See  Figure  4.)  Erosion  of 
bluffs  to  the  east  therefore  appears  to  be  the  only  major  sediment 
source  for  the  Vermilion  beaches.  There  are  also  some  small  pockets  of 
sand  along  this  shore  which  raa )  be  an  ..dditionnl  small  source,  or  temporary 
storage  sites. 

The  amount  of  beach  building  sand  generated  by  bluff  erosion  varies 
greatly  primarily  due  to  changing  water  level.  The  reach  of  coast  that 
is  significant  for  supplying  sand  to  I, inwood  and  Lagoons  Reaches  extends 
approximately  five  miles  to  the  east.  The  piers  at  the  harbor  entrance 
serve  as  a  barrier  to  littoral  transport  from  west  to  east  and  lienee 
sources  of  beach  material  from  the  west  are  negligible.  Some  of  this 
area  is  already  protected  by  natural  or  man-made  barriers.  It  is  esti¬ 
mated  that  approximately  50  to  60  percent  of  the  area  is  actively  eroding. 
Previous  studies^  ^  have  indicated  that  the  long-term  recession  rate  of 
this  shoreline  stretch  averages  approximately  one  foot  per  year.  With  an 
average  bluff  height  of  15  to  20  feet  and  12  percent  sand  content, 
approximately  1,000  cubic  yards  per  year  of  beach  building  material  is 
added  to  the  littoral  system.  It  is  emphasized  that  this  is  a  long¬ 
term  average  from  1876  to  1948.  In  any  given  year,  the  erosion  may  be 
many  times  this  rate.  For  example,  surveys  taken  in  July  1975,  and 
November  1976,  indicated  a  shoreline  recession  east  of  Linwood  Park  of 
10  feet.^^  it  is  apparent  that,  annual  volume  of  beach  building  material 
eroded  may  easily  exceed  10,000  cubic  yards  per  year  where  high  water 
levels  occur.  During  1971  to  l'*75  Lake  Erie  attained  record  water  levels, 
and  heavy  erosion  occurred  at  several  spots  along  this  reach. 
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The  Section  14^  study  of  Linwood  Park  Beach  states  that  400  feet 
of  Linwood  Park  bluff  had  eroded  10  feet  due  to  wave  action  between  July 
1975,  and  November  1976.  This  would  result  in  approximately  1,000  cubic 
yards  of  material  eroding  during  this  period  of  which  a  high  percentage 
could  be  expected  to  have  beach  building  potential.  This  material  is  not 
considered  as  a  significant  source  of  sediment  due  to  its  relatively 
small  volume  in  relation  to  the  sediment  budget.  Historical  evidence 
shows  that  a  10-foot  per  year  recession  rate  has  not  occurred  over  a  long 
period.  This  extreme  recession  rate  is  undoubtedly  a  result  of  the 
unusually  high  lake  levels. 

The  erosion  that  has  taken  place  on  the  Linwood  Park  bluffs  can  not 
be  correlated  with  the  beach  erosion  there.  It  is  quite  possible  to  have 
eroding  bluffs  and  yet  have  a  stable  beach.  Beach  erosion  is  reversible 
when  incident  wave  conditions  change  and  restore  the  bench,  bluff 
erosion  is  an  irreversible  process  for  the  bluffs  will  not  be  replaced. 

The  stability  of  any  area  is  determined  by  the  balance  of  sediment 
input  and  outflow.  The  ability  of  source  material  to  reach  the  Vermilion 
area  is  a  critical  factor  in  maintaining  a  stable  beach. 

hn vi r onnental  Cons ide rat  i  ms 

A  brief  description  of  the  environmental  setting  provides  an  orienta- 
t i  .xi  to  it  and  facilitates  understanding  the  environmental  impacts  of  shore¬ 
line  erosion.  me  uuik  ol  the  information  is  taken  Irom  the  final  KIS  lo> 
operation  and  maintenance,  Vermilion  Harbor,  1976.  The  4, 000- foot  segment 
of  Lake  Lrie  shoreline  extending  east  from  the  east  pier  consists  of  about 
3,000  feet  of  sand  beach  and  1,000  feet  of  rock  bluff.  The  beach  is 
almost  300  feet  wide  adjacent  to  the  east  pier  of  the  Vermilion  River 
tapering  to  zero  where  the  rock  bluff  begins.  The  bluff  gradually  rises 
to  about  40  feet  above  the  lake.  Huron  Formation  shales  of  the  upper 
Devonian  Period  are  blue-gray  to  black  in  outcroppings  along  the  bluff 
and  are  exposed  on  the  lake  bottom. 

Terrestrial  vegetation  of  the  residential  areas  adjacent  to  the  shore¬ 
line  consists  of  trees,  shrubs,  weeds,  and  grasses.  This  vegetation  serves 


as  wildlife  habitat,  ground  cover,  food  for  animals;  ,  and  increases  flu- 
aesthetic  value  u  I  the  area.  The  dominant  ,  mat  tire  deciduous  species  are 
red  maple,  sugar  maple,  cottonwood,  ash,  hickory,  red  oak,  and  white  oak.  ; 

Oaks  and  hickories  are  important  tree  species  because  they  provide  food, 
shelter,  and  den  sites  for  mammals  and  birds  in  the  harbor  area. 

Terrestrial  wildlife  contributes  to  the  aesthetic,  ecological,  .and 
recreational  aspects  of  the  area.  The  relatively  poor  habitat  for  mammals 
supports  only  those  species  which  are  tolerant  of  man.  Typical  species  are 
the  house  mouse,  norway  rat,  oppossum,  raccoon,  eastern  cottontail,  and 
fox  squirrel.  Bird  species  include  the  starling,  house  sparrow,  rock  dove, 
nighthawk,  and  chimney  swift  as  well  as  the  water-associated  birds  such  as 
gulls,  terns,  sandpipers,  plovers,  and  rails.  Waterfowl  using  the  Missis¬ 
sippi  flyway  migrate  through  the  Vermilion  area.  These  birds  generally  use 
open  water  except  during  storms  when  they  enter  the  harbor.  Mallards  are 
year-round  residents  and  utilize  the  harbor  freely.  Five  rare  and  endangered 
birds  are  listed  by  the  State  of  Ohio  as  occurring  in  the  general  area.  No 
rare  or  endangered  herptiles  are  found  in  the  project  area. 

Living  organisms  in  the  aquatic  environment  are  vegetation,  plankton, 
benthos,  and  fish.  The  species  diversities,  communities,  and  populations 
of  these  organisms  are  good  indicators  of  water  quality.  Studies  performed 
in  the  Vermilion  River  area  indicate  slightly  to  moderately  polluted  water. 
More  specifically,  these  studies  show  1)  a  trend  toward  decreasing  phytoplank¬ 
ton  concentrations,  2)  pollution  tolerant  benthos,  3)  a  dominance  of  less 
desirable,  pollution  tolerant  fish  species.  Ten  snecies  of  fish  listed 
as  endangered  by  the  State  of  Ohio  may  be  present  in  the  estuary  portion 
of  the  Vermilion  River. 

Land  use  along  the  shoreline  is  primarily  residential  development. 
Residences  consist  of  seasonal  cottages,  year-round  single  family  residences 
and  multi-family  residences.  Older  homes  and  cottages  along  the  beach  are 
well  kept  and  many  of  the  residences  along  the  bluff  portion  of  the  shore¬ 
line  have  been  constructed  relatively  recently. 

Recreational  uses  made  of  the  beach  and  adjacent  water  areas  include 
recreational  boating,  fishing,  swimming,  scuba  diving,  sunbathing,  walking 
and  sig  lit  seeing  (photography). 


SECTION  III  -  ANALYSIS  OF  HISTORICAL 
SHORELINE  CHANGES  1836-1978 


Introduction 

The  objective  of  this  historical  analysis  was  to  determine  and 
quantify  areas  of  accretion  and  erosion  along  the  beaches  adjacent  to 
Vermilion  Harbor  and  to  estimate  the  magnitude  and  extent  of  any 
onshore-offshore  transport  that  might  exist.  Of  primary  consideration 
was  the  distribution  of  sand  before  and  after  construction  of  the 
offshore  breakwater  (1973).  However,  an  overall  evaluation  of  shore¬ 
line  changes  from  1836  to  the  present  lias  been  conducted.  The  effects 
of  factors  such  as  harbor  construction  and  high  lake  levels  have  been 
analyzed . 

Methodology 

For  the  purposes  of  this  analysis,  the  shoreline  encompassing 
Vermilion  City  Beach  to  the  west  and  Lagoons,  Linwood  Park,  Nakomis , 
and  Crystal  Shores  Beaches  to  the  east  was  examined.  The  east  limit 
ot  the  system  was  taken  to  be  a  line  parallel  and  A, 000  feet  to  the 
east  of  the  east  pier,  where  Crystal  Shores  Beach  terminates  and  the 
shoreline  becomes  steep  shale  bluffs.  To  the  west,  a  line  parallel 
and  1,000  feet  to  the  west  of  the  west  pier  was  chosen  as  here 
Vermilion  City  Beach  also  gives  way  to  rock. 

Available  historical  data  in  the  form  of  aerial  photographs, 
offshore  sounding  charts ,  and  shoreline  surveys  were  obtained  for 
this  reach  of  shoreline.  This  data  was  used  to  reveal  the  historical 
trends  of  shoreline  position.  The  primary  period  of  interest  was 
selected  such  that  the  effects  of  the  breakwater  constructed  in  1973 
could  be  examined.  Hence,  the  time  intervals  of  November,  1937  to  April, 
1968;  April,  1968  to  April,  1971;  April  1971  to  April,  1973;  April,  1973 
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to  August ,  1974;  and  August,  1974  to  May,  1978,  were  considered.  It 
was  also  possible,  to  some  extent,  to  determine  the  intersection  of 
the  shoreline  with  the  piers,  from  sounding  charts  taken  in  the  1800's. 

Table  2  presents  a  summary  of  the  data  used  to  evaluate  shoreline 
changes.  The  analysis  procedure  is  described  below. 

A  reference  line  was  established  perpendicular  to  the  north-south 
axis  at  the  north  end  of  the  U.S.  east  pier  of  Vermilion  Harbor.  Sta¬ 
tion  transects  were  established  perpendicular  to  the  reference  line 
at  100  foot  intervals  for  a  distance  of  2,200  feet  west  (to  station 
22+00W)  and  4,000  feet  east  (to  station  40+00E) .  A  point  25  feet  east 
of  the  east  pier  on  the  reference  line  was  station  00+00.  All  distances 
and  positions  were  referenced  to  this  line. 

In  order  to  use  aerial  photographs  for  sand  volume  computations, 
several  simplifying  assumptions  were  necessary  regarding  beach  slope, 
maximum  height  of  berm,  and  probable  seaward  limit  of  significant 
transport.  Beach  profiles  taken  in  1967,  1975,  1976,  1977,  and  1978  were 
analyzed,  and  are  shown  on  Figures  9  through  13.  It  was  determined 
that  the  beach  slope  remained  essentially  constant  at  each  station, 
although  minor  variations  between  stations  were  evident.  Therefore, 
a  typical  value  of  slope  could  be  assigned  for  each  station.  Likewise, 
berm  heights  remained  fairly  constant,  and  a  representative  value  was 
determined  for  each  station.  Comparison  of  offshore  soundings  over  the 
10-year  period  revealed  that,  except  in  the  Lagoons  Beach  area  to  the 
east  of  the  channel,  significant  changes  did  not  occur  at  depths 
greater  than  4  feet  (see  Figure  3  and  beach  profiles).  The  bottom 
is  hard  material.  It  was  concluded  that  onshore-offshore  transport 
is  not  important  past  this  depth.  Volume  calculations  were  there¬ 
fore  limited  to  this  depth.  From  station  OO+OOE  to  8+00E,  calcula¬ 
tions  were  carried  into  deeper  water.  The  estimated  values  for  berm 
height,  slope,  and  offshore  limit  of  transport  are  shown  with  the 
results  in  Table  3. 
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ST'MMARv  OF  HISTORICAL  DATA 


Monthly  average  at  Cleveland,  Ohio 
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SUMMARY  OF  HISTORICAL  SHORELINE  ANALYSIS 


section  of  the  beach  adjacent  to  the  pier.  Examination  of  the  data 
indicates  that  t  hi-  low  wntet  dat  am  contour  reached  its  farthest  sea¬ 
ward  point  in  1976  ,  marking  a  Large  accretion  since  1974.  Until  tills 
accretion,  the  shoreline  apparently  was  fairly  stable  since  1854, 
when  the  earliest  survey  was  taken. 

tin  the  eastern  side  of  the  piers,  accretion  is  also  evident, 
beginning  prior  to  1973.  The  middle  portion  of  the  beach,  from 
station  10+00E  to  20+00E,  has  been  fairly  stable,  with  slight  erosion 
in  recent  years.  From  station  20+00E  to  the  bluff  at  Nakomis,  erosion 
began  in  the  period  from  1971  to  1973  and  continued  until  1976.  Some 
accretion  developed  between  1976  and  1977. 

It  should  be  noted  that  the  earliest  sounding  data  available  is  from 
1854.  Frior  to  construction  of  the  U.S.  piers  in  1836,  a  continuous  beach 
existed  across  the  river  mouth.  The  precise  north-south  position  of  this 
shoreline  has  not  been  accurately  documented,  although  it  has  been  reported^^ 
that  tiie  east  shoreline  accreted  500  feet  from  1837  to  1847.  The  location 
of  the  1835  shoreline  shown  on  Figure  14  is  estimated  from  a  poorly  refer¬ 
enced  historical  chart.  Significant  erosion  of  the  shore  to  the  west  of 
the  piers  no  doubt  occurred.  No  quantitative  estimates  have  been  possible 
regarding  this  significant  alteration  of  the  coastline. 

Volumetric  Analysis  -  [n  order  to  determine  historical  patterns 
.if  accretion  and  ero  ion  along  the  beaches  of  interest,  the  change  in 
volume  of  material  was  calculated  for  several  periods.  The  computa¬ 
tions  were  performed  at  100-foot  intervals  using  the  average  end  area 
method.  Insufficient  data  was  available  to  quantify  changes  prior  to 
1937.  The  periods  for  analysis  were  selected  to  demonstrate  when 
significant  changes  occurred.  Some  trial  and  error  was  involved  In 
determining  the  optimum  time  intervals  given  previously.  The  changes 
it.  beach  volume  by  station  are  summarized  in  Table  3. 

Areas  where  accretion  or  erosion  occurred  over  the  stated  period 
arc  easilv  r.ot-  fr'r:  the  data.  These  locations  were  quantified  by 
summing  t  he  vain,  s  <ver  the  eroded  nr  accreted  reach.  in  this  manner, 
toe  overall  magnitude  uL  deposits  or  erosion  was  determined.  Figure  16 
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shows  these  areas  for  the  five  periods  of  interest.  Sand  entering  or 
leaving  the  system  is  also  indicated.  The  result  is  a  sediment  budget 
diagram  for  each  of  the  five  periods.  The  outline  of  the  area  shows 
the  general  extent  of  influence,  but  is  not  intended  to  represent  the 
precise  limits.  The  estimated  accuracy  of  the  computations  are  plus 
or  minus  20  percent.  Several  assumptions  were  made  in  developing  the 
sediment  budget. 

1.  Wind  transport  is  negligible. 

2.  Onshore-offshore  transport  is  sufficiently  small  that  it  can 
be  ignored.  The  hard  bottom  offshore  supports  the  validity  of 
this  assumption. 

3.  Sand  entering  Lite  system  was  estimated  based  on  erosion  of 
the  bluffs  to  the  east. 

The  following  brief  discussion,  presented  by  time  increment,  summarizes 
the  important  points. 

Changes  from  1937  to  1968  -  Over  this  30  year  period,  slight 
erosion  predominated.  This  material  is  either  lost  offshore  or  trans¬ 
ported  to  the  west  around  the  piers.  It  must  he  emphasized  that  only 
a  net  effect  over  the  31-year  period  is  presented.  Undoubtedly, 
periods  of  accretion  occurred  during  this  time,  but  were  offset  by 
larger  erosion  periods.  The  net  erosion  for  the  beaches  east  of  the 
fiarbor  averaged  3,000  cubic  yards  per  year.  To  the  west  of  the  harbor, 
erosion  exceeded  accretion  by  approximately  500  cubic  yards  per  year. 
These  amounts  are  belli  considered  to  be  small  in  relation  to  the 
overall  size  of  the  beach.  The  values  for  the  western  beaches  are 
affected  by  minor  dredge  and  fill  operations,  the  extent  of  which  Is 
unknown . 

During  this  period,  lake  levels  varied  widely,  with  low  levels 
prevalent  in  the  mid-1960's.  From  1937  to  1968,  it  is  estimated  that 
an  average  of  500  to  1,000  cubic  yards  per  year  of  beacii-building 
material  entered  the  eastern  beach  system,  based  on  estimates  of  erosion 
rates  of  one  fool  per  year  for  the  bluffs  to  the  east.  In  order  to 
account  for  all  the  sediment,  approximately  4,000  cubic  yards  per  year 
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of  material  must  be  lost  offshore  or  around  the  east  pier.  Quantita¬ 
tive  methods  are  not  available  to  accurately  compute  losses  of  this 
magnitude.  Onshore-offshore  motion  of  sediment  is  not  thought  to  be 
significant,  since  sand  is  essentially  absent  from  the  offshore  area. 

It  Is  therefore  assumed  that  this  component  is  negligible,  and  4,000 
cubic  yards  are  lost  around  the  piers  to  deep  water.  However,  it  is 
recognized  that  even  very  small  onshore-offshore  movements  can  signifi¬ 
cantly  affect  the  sediment  budget  due  to  the  relatively  small  numbers 
involved.  For  example,  2,000  cubic  yards  of  sand  moving  onshore  or 
offshore  at  Linwood  Beach  would  be  undetectable  from  soundings,  since 
a  thickness  of  less  than  1/2  inch  would  result  over  a  2,000  by  500 
foot  area  offshore.  Likewise,  the  magnitude  of  sediment  influx  from 
the  east  (or  west)  is  similarly  uncertain.  In  summary,  the  accuracy 
of  the  sediment  budget  is  therefore  of  the  order  of  plus  or  minus 
3,000  to  5,000  cubic  yards  per  year.  There  is  no  evidence  that  material 
was  moving  to  the  east  around  the  west  pier. 

It  is  apparent  that  no  significant  areas  of  accretion  or  erosion 
occurred  during  the  overall  period  from  1937  to  1968. 

Changes  from  April,  1968  to  April,  1971  -  Stable  conditions  again 
prevailed  during  this  period,  with  slight  accretion  on  the  west  beaches 
(700  cubic  yards  per  year)  and  slight  erosion  (800  cubic  yards  per 
year  overall)  on  Lagoons  and  Linwood  Beaches.  A  shift  in  the  distribu¬ 
tion  of  sand  from  west  to  east  occurred  on  the  eastern  beaches, 
indicating  a  predominance  of  westerly  waves. 

The  sediment  budget  was  formulated  using  the  same  approxi¬ 
mation  of  sediment  loss  around  the  piers.  Approximately  2,000  to 
4,000  cubic  yards  influx  from  the  east  is  then  required.  A  bluff 
erosion  rate  of  two  to  three  feet  per  year  would  supply  this  amount. 
Although  no  data  is  available,  this  higher  erosion  rate  is  consistent 
with  the  higher  than  average  lake  levels. 

Changes  from  April,  1971  to  April,  1973  -  A  significant  shift  in 
beach  alignment  occurred  during  this  period  prior  to  breakwater  construc¬ 
tion.  An  average  of  23,000  cubic  yards  per  year  eroded  from  Linwood 
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Beach  and  accreted  at  the  east  pier.  An  additional  11,500  cubic  yards 
per  year  accreted  at  the  east  pier,  irdicating  an  increase  in  sediment 
supply  from  the  east  (or  offshore).  It  has  been  reported  that  erosion 
of  the  shale  bluffs  of  up  to  10  feet  per  year  has  occurred  during  the 
very  high  lake  levels^^  ,  which  could  result  in  an  influx  of  up  to 
15,000  cubic  yards  per  year  from  the  cast. 

Erosion  of  Vermilion  City  Beach  at  a  rate  of  6,000  cubic  yards 
per  year  also  occurred  during  this  period,  suggesting  that  a  higher 
frequency  of  northeast  waves  may  have  occurred  (see  Section  TV). 

Changes  from  April,  J 9 7 3  to  August,  1974  -  The  shift  in  Linwood 
Beach  from  east  to  west  continued  at  a  slightly  higher  rate  after  the 
breakwater  was  constructed  in  mid-1973.  Over  73,000  cubic  yards  of 
material  accreted  in  the  17  month  period.  As  in  the  previous  two 
years,  sediment  budget  considerations  indicate  that  large  amounts  of 
sand  (12,000-15,000  cubic  yards  per  year)  enter  the  system  trom 
the  east. 

During  this  period,  sand  deposits  extended  north  along  the  east 
pier  and  spilled  into  the  east  lake  approach  channel,  requiring  dredging 
in  July,  1974.  The  shoaling  of  the  lake  approach  channel  is  likely 
due  to  tiie  breakwater  preventing  northwest  waves  from  moving  sand  back 
east  onto  the  beach. 

At  Vermilion  City  Beach,  erosion  continued  to  predominate  (5,000 
cubic  yards  per  year)  indicating  westward  transport.  Some  minor  accre¬ 
tion  did  occur  near  the  west  pier,  as  a  result  of  breakwater  shielding 
waves  from  the  northeast. 

Changes  from  August,  1974  to  May,  1978  -  During  this  most 
recent  period,  the  shifting  of  material  from  east  to  west  decreased 
significantly,  and  some  accretion  occurred  from  station  18+00E  to 
the  east  end  of  Linwood  Beach  (approximately  4,000  cubic  yards  per 
year).  Minor  erosion  occurred  from  station  6+00F.  to  18+00E  and  accre¬ 
tion  (10,000  cubic  yards  per  year)  continued  to  occur  although  at 
a  decreased  rate  adjacent  to  the  pier.  Analysis  of  the  beach  profiles 
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taken  adjacent  to  the  east  pier  in  1975,  1976,  1977,  and  1978  indicate 
that  accretion  of  this  area  essentially  stopped  in  1976. 

At  Vermilion  City  Beach,  accretion  occurred  adjacent  to  the  west 
pier  at  a  rate  of  approximately  2,000  cubic  yards  per  year.  The  data 
from  both  beaches  indicate  that  the  predominant  wave  energy  may  have 
shifted  back  to  the  northwest  during  this  period.  This  aspect  is 
investigated  in  Section  IV. 

Sediment  budget  inflow  and  outflow  indicated  a  continuation  of 
high  sand  influx  to  the  eastern  beaches.  It  is  reiterated  that  these 
values  are  only  approximations.  It  is  noteworthy,  however,  that  sig¬ 
nificant  sources  of  material  for  the  Linwood  and  Lagoons  Beaches 
appear  to  exist. 

Evaluation  of  Lake  Level 

An  important  factor  in  the  evaluation  of  the  impact  of  the 
breakwater  on  shoreline  phenomena  is  the  effect  of  high  lake  levels 
on  shoreline  erosion.  It  is  well-known  that  higher  lake  levels  increase 
erosion  by  permitting  storm  waves  to  attack  further  inland,  often 
pa6t  the  protection  of  a  beach.  The  breaking  wave  characteristics  may 
also  be  altered,  since  larger  waves  can  now  exist  in  the  deeper  water. 

The  critical  point  in  this  analysis  is  the  differentiation  between 
shoreline  erosion  and  redistribution  effects  due  to  construction  of 
the  offshore  breakwater  (1973)  and  the  effects  of  concurrent  record 
high  lake  levels  in  1972  through  1975. 

One  possible  method  of  assessing  the  effect  of  high  lake  levels 
involves  use  of  a  cumulative  volume  balance  to  determine  how  much  of 
the  shoreline  redistribution  on  the  eastern  beaches  was  due  to  the 
offshore  breakwater.  This  procedure  Involves  summation  of  the  accretion 
and/or  erosion  values  as  a  function  of  distance  east  from  the  east  jetty. 
The  assumption  must  be  made  that  the  Lagoons-Linwood  Beach  system  is 
essentially  closed,  with  little  sediment  inflow  or  outflow.  Unfortunately, 
the  analysis  of  historical  data  indicates  that  the  system  is  not  closed. 
Significant,  highly  variable  amounts  of  net  erosion  or  accretion  occur 
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for  the  !  ,000  f.io!  sect  Ion  of  beach  during  varlouB  time  Intervals. 

A  cumulative  volume  plot  is  therefore  not  considered  to  be  useful. 

One  suggested  method  of  accounting  for  some  of  the  inflow-outflow 
of  sediment  is  that  proposed  by  Bruun.^^  For  Bruun's  analysis,  two 
assumptions  are  made;  the  first  being  that  a  steady  state  of  littoral 
transport  of  material  passing  updrift  and  downdrift  from  the  section 
of  beach  profile  exists;  and  second,  that  during  the  redistribution  of 
sediment  within  the  section,  a  conservation  of  mass  applies.  Brunn 
terms  such  conditions  as  an  equilibrium  profile.  For  his  analysis, 

Bruun  proposes  that  for  a  change  in  elevation  in  water  level,  there 
will  be  a  corresponding  and  equal  change  in  the  elevation  of  the  bed 
sediment.  In  periods  of  increase  in  water  level,  the  extra  material 
required  to  raise  the  bed  elevation  will  be  supplied  by  erosion  of  the 
beach  and  berm,  while  in  periods  of  decrease  in  water  level,  excess 
bed  material  will  be  driven  onshore  to  result  in  accretion  of  the  beach. 

Application  of  Bruun's  analysis  to  Vermilion  encounters  inconsis¬ 
tencies  and  unique  physical  conditions  which  make  its  use  suspect  in 
the  Vermilion  situation.  Significant  and  variable  amounts  of  littoral 
drift  do  occur  on  the  Vermilion  beaches.  This  is  evidenced  by  both 
erosion  and  accretion  occurring  on  the  same  beach  during  a  given  period 
and  by  the  values  of  longshore  transport  at  various  stations,  which  are 
given  in  Section  IV  of  this  report. 

Bruun's  analysis  is  intended  for  a  gradual  variation  in  water 
level  over  a  relatively  long  period  of  time  (generally  stated  in  terms 
of  millimeters  in  geologic  time  spans,  often  to  thousands  of  years) . 

The  fluctuations  of  lake  Frio  are  frequent  and  substantial  both  on  a 
seasonal  and  wur-to-yeur  basis,  with  the  seasonal  changes  often  being 
equal  to  >  i-  greater  tli.ut  those  from  year  to  year.  Hence  if  Bruun's 
analysis  were  to  hold,  a  seasonal  fluctuation  in  water  level  of  one 
foot  would  result  in  alternate  erosion  followed  by  accretion  of  the 
shoreline  of  'one  several  hundred  feet  annually  simply  to  satisfy  the 
ot • shore  accretion  requirement.  Obviously,  such  progression  and 
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recession  of  the  shoreline  is  not  occurring  and  so  if  Bruun's  analysis 
is  to  have  any  validity,  a  substantial  time  period  is  to  be  involved, 
not  months  or  even  a  few  years. 

Bruun's  analysis  assumes  a  semi-infinite  moveable  sediment  bed. 

At  Vermilion,  this  does  not  exist  as  sediment  sampling  (see  Figure  4) 
indicates  that  no  material  in  the  hard,  fixed  bed  is  available  offshore. 
The  sediment  sampling  of  Vermilion  shows  that  the  sand  bed  only  lies 
in  a  band  at  the  shoreline. 

For  the  above  reasons,  it  is  felt  that  application  of  the  analysis 
by  Bruun  is  inappropriate  in  the  Vermilion  situation. 

Further  consideration  of  lake  level  effects  is  included  in  the 
discussion  of  littoral  processes  in  Section  IV. 


Summary 

The  analysis  of  historical  information  has  established  that  a 
significant  shift  in  beach  material  from  east  to  west  occurred  from 
1971  to  1976  on  Linwood  and  Lagoons  Beaches.  A  slight  reversal  occurred 
in  late  1976  and  1977,  as  indicated  by  the  beach  profile  and  aerial 
photograph  analysis.  It  is  noteworthy  that  the  accretion  at  the  east 
pier  and  erosion  at  eastern  Linwood  Park  began  before  the  breakwater 
construction. 

From  the  data  available,  it  has  not  been  possible  to  determine 
the  relative  magnitude  of  effects  due  to  the  high  lake  levels  and  to 
the  breakwater.  Theoretically,  high  lake  levels  should  not  alter  the 
shoreline  orientation  (Section  IV).  However,  high  levels  will  increase 
bluff  erosion,  and  therefore  will  result  in  an  increase  in  the  supply  of 
sand  to  the  Linwood- hagoons  area,  as  discussed  in  Section  IT.  It 
appears  that  the  shift  in  beach  alignment  began  as  a  response  to  high 
lake  levels  and  a  slight  predominance  of  northeasterly  winds  (see 
Section  IV),  and  was  accentuated  by  the  trapping  effect  of  the  break¬ 
water.  This  trapping  of  beach  material  by  the  breakwater  occurs  when 
sand  is  driven  west  to  the  piers  by  northeast  storms  and  is  then  pro¬ 
tected  from  subsequent  exposure  to  northwest  storms  bv  the  position  of 
the  breakwater.  Under  prebreakwater  conditions,  the  sand  would  be 


returned  to  the  east  by  tin*  northwest  storms.  The  breakwater  has 
therefore  had  an  effect  on  beach  orientation,  resulting  in  shoreline 
recession  at  Linwooil  Beat'll. 

The  accretion  of  sand  adjacent  to  the  east  pier  reached  farther 
north  in  1976  than  ever  previously  recorded.  Dredging  of  the  harbor 
approach  channel  at  the  end  of  the  east  pier  and  of  the  river  channel 
near  the  east  pier  was  required  in  1974  and  1975,  for  the  first  time. 
These  deposits  are  obviously  related  to  the  buildup  of  sand  east  of  the 
east  pier,  which  is  partially  caused  by  the  breakwater. 

Evaluation  of  the  historical  data  Indicates  that  the  beach  align¬ 
ment  adjusted  to  equilinrium  by  1976,  with  little  further  change. 

Lake  levels  had  receded  approximately  0.5  to  1.0  feet  from  the  record 
high  levels  of  1973.  This  small  decrease  is  not  likely  to  have  sig¬ 
nificantly  altered  littoral  processes,  and  does  not  explain  the  fact 
that  the  beach  realignment  ceased. 


SECTION  IV  -  ANALYSIS  OF  LITTORAL  PROCESSES  AT  VERMILION  HARBOR 


I nt rod act i on 

In  order  to  provide  further  Information  regarding  the  causal  factors 
involved  in  shoreline  redistribution  and  transport,  a  detailed  analysis 
of  littoral  processes  was  conducted.  The  results  were  then  used  to  assist 
in  drawing  conclusions  regarding  expected  future  changes  in  beach  align¬ 
ment.  The  analysis  involved  investigation  of  several  interrelated 
phenomena,  including:  1)  longshore  transport,  2)  onshore-offshore  trans¬ 
port,  and  3)  sources  and  sinks  of  sediment.  The  methodology  and  signifi¬ 
cant  results  are  summarized  in  this  section,  and  the  details  of  the 
analysis  are  contained  in  Appendix  A. 


.(8) 


Methodology 

Longshore  Transport  -  An  estimate  of  the  potential  longshore  trans¬ 
port  of  beach  material  was  computed  using  the  energy  flux  method  as 
recommended  by  the  Corps  of  Engineers  Coastal  Engineering  Research  Center) 
The  basic  approach  of  this  analysis  is  to  compute  the  longshore  component 
of  wave  energy  that  impacts  upon  the  shoreline.  The  wave  energy  is  then 
converted  to  sediment  movement  by  empirical  relationships,  based  either 
on  historical  data  from  the  specific  site  of  interest,  or  on  generalized 
data  .  rom  a  number  of  other  sites.  It  is  emphasized  that  sucli  calculations 
are  only  approximations  of  potential  transport,  assuming  that  an  adequate 
supply  of  beach  material  exists  in  the  littoral  system. 

The  first  step  in  energy  flux  analysis  is  tc  determine  the  waves  that 
occur  at  the  site  of  interest.  Unfortunately,  no  detailed  wave  data  was 
available  for  Vermilion.  For  this  study,  three  different  sources  of  wave 
information  were  used: 

(9) 

1.  Wave  climate  developed  for  Lake view  Park  Study  at  Lorain,  Ohio. 

The  wave  heights  and  periods  were  then  transformed  to  reflect 
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the  slightly  different  fetch  distances  applicable  at 
Vermilion.  The  data  was  originally  generated  by  hind- 
cast  methods  from  wind  data  over  the  three  voar  period 
1948-1930.^*^  The  resulting  wave  climate  for  Vermilion  is 
shown  in  Table  4  (modified  I.orain  data). 

2.  Visual  estimates  of  wave  directions,  heights,  and  periods 
from  1960-1973,  summarized  in  Synoptic  Summary  of 
Meteorological  Observations  (SSMO) This  data  is  only 
given  for  the  western  half  of  Lake  Erie,  thereby  limiting  the 
accuracy  when  application  to  a  specific  site  is  made.  The 
SSMO  wave  climate  is  given  in  Table  5. 

3.  In  order  to  assess  the  waves  occurring  during  the  past  7  years 

(12) 

at  Vermilion  Harbor,  meteorological  data  for  these  years 

was  examined,  and  a  wave  climate  was  hindcast  for  each  year. 

This  was  undertaken  to  determine  if  an  atypical  distribution 
of  storms  may  have  occurred  before  or  after  construction  of  the 
bre  akwater. 

The  wave  climates  generated  above  all  give  values  of  deep  water  wave 
heights  and  periods.  The  effect  of  the  waves  on  the  Vermilion  beaches 
results  from  the  wave  height  and  angle  of  attack  when  the  wave  breaks 
near  the  shore.  Wave  refraction,  diffraction,  and  shoaling  affect  the 
wave  as  it  approaches  the  shoreline. 

Wave  refraction  and  shoaling  occur  as  the  waves  move  from  deeper  into 
shallower  water.  The  lake  bottom  slows  tiie  wave  and  results  in  increased 
height  (shoaling).  Waves  approaching  at  an  angle  to  the  bottom  contours 
are  "bent"  and  wave  height  is  altered  since  the  part  of  the  wave  closest 
r o  shore  slows  more  than  the  part  farther  offshore  (retraction).  Wave 
refraction  and  shoaling  were  calculated  us  1  n g  a  <'o rpr.  of  Engineers  computer 
program.^  1  Infraction  diagrams  showing  the  behavior  of  representative 
waves  from  the  d.rections  of  interest  are  shown  on  Figures  17-19  (1977 
shoreline).  Figvire  20  shows  the  refraction  for  representative  waves  with 
the  1968  shoreline.  The  wave  ravs  shown  are  pemendicular  to  the  wave 
crests.  Further  discussion  of  refraction  is  included  in  Appendix  A,  on 
page  A-5.  The  diagrams  indicate  the  path  a  wave  followed  as  it  moved 


TABLE  4 

MODIFIED  INCIDENT  WAVE  CLIMATE  AT  VERMILION  (ICE  FREE  PERIOD) 
(CORRECTED  DATA  FROM  T.M.  37(10)  1948-1950) 


Duration 

G1 ven  In 

Hours 

for  3^Year 

Pp  riod 

H 

o 

Wave 

I’e  riod 

(sec) 

Direction 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

Total 

(ft) 

.5-1 

W 

29 

81 

17 

127 

WNW 

58 

120 

40 

218 

NW 

58 

144 

25 

227 

NNW 

51 

221 

12 

284 

N 

64 

103 

10] 

32 

300 

NNE 

91 

43 

53 

84 

271 

NE 

48 

9 

9 

42 

108 

ENE 

242 

54 

6 

302 

Total 

641 

775 

263 

158 

1,837 

1-2 

W 

26 

52 

261 

WNW 

19 

186 

170 

375 

NW 

19 

150 

150 

319 

NNW 

20 

2  79 

128 

427 

N 

25 

106 

106 

117 

354 

NNE 

8 

161 

134 

14  7 

1 

1 

4  72 

NE 

12 

68 

67 

96 

2 

1 

246 

ENE 

35 

50 

15 

100 

Total 

164 

1,183 

842 

360 

3 

2 

2.554 

2-3 

W 

2 

16 

20 

38 

WNW 

12 

227 

2  39 

NW 

13 

113 

1 

12  7 

NNW 

5 

166 

171 

N 

3 

23 

24 

148 

198 

NNE 

1 

14 

29 

155 

6 

5 

210 

NE 

16 

17 

120 

14 

13 

180 

ENE 

4 

4 

Total 

6 

103 

596 

424 

20 

18 

3-4 

W 

3 

13 

2 

18 

WNW 

3 

29 

1 

33 

NW 

3 

26 

4 

33 

N 

24 

6 

30 

NNE 

2 

33 

15 

12 

62 

NE 

24 

9 

9 

42 

Total 

9 

70 

88 

30 

21 

218 

4-5 

W 

1 

3 

2 

4 

WNW 

5 

5 

NW 

4 

4 

NNW 

6 

6 

NNE 

1 

11 

11 

9 

32 

Total 

1 

8 

24 

11 

9 

5  3 

5-6 

NW 

2 

12 

14 

NNW 

6 

7 

13 

NF. 

6 

6 

12 

Tot  al 

2 

18 

7 

6 

6 

39 

6-7 

NNW 

5 

5 

Total 

5 

5 

TOTAL 

811 

2,073 

1  ,7«7 

1  ,066 

70 

56 

5,873 

Is  deep  water  wave  height. 
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TABLE  5 


INCIDENT  WAVE  CLIMATE  AT  VERMILION 


(SSM0  DATA  1960 

-1973) 

H 

o 

( f  l ) 

Diirat  l  on 

01  VCD 
Wavn 

In  Hours  for  1-Year 
Period  (wer) 

Perl  ml 

Direct  Inn 

i-2 

2-3 

3-4 

4-3 

*>-6 

8-10 

10-12 

12-14 

>14 

Tot'iJ 

<i 

w 

98 

45 

141 

NW 

ao 

59 

119 

N 

115 

88 

701 

MK 

122 

122 

244 

K 

262 

262 

lot  al 

677 

314 

991 

1-.' 

W 

7 

207 

95 

7 

4 

320 

NW 

16 

298 

155 

11 

6 

486 

N 

29 

400 

214 

15 

8 

fiftft 

N!‘ 

10 

395 

402 

7 

19 

10 

84  1 

|; 

448 

897 

12 

16 

1  .19  1 

Total 

510 

2.197 

866 

7 

84 

44 

1.708 

1-4 

u 

10 

146 

22 

11 

8 

1 

1 

70  1 

NW 

318 

17 

21 

16 

r 

• 

5 

40? 

N 

P 

?0-> 

18 

14 

in 
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1 

247 

N1 

8 

374 

141 

11 

21 

8 

8 

vn 

K 

200 

200 

13 

25 

1R 

6 

ft 

4ft  H 

Tot  al 

26 

1,244 

418 

13 

102 

75 

25 

25 

1  ,92H 

5-6 

W 

61 

427 

61 

68 

15 

15 

64/ 

NW 

15 

87 

R 

16 

4 

4 

154 

r; 

54 

1  16 

14 

23 

ft 

ft 

741 

V* 

174 

26 

ft 

ll 

751 

r 

_  71 

150 

71 

H 

M 

144 

Total 

260 

974 

154 

171 

PI 

»«l 

1  .6  17 

7 

u 

14  3 

67 

15 

725 

NW 

78 

16 

M 

177 

• 

15 

17 

4 

Sft 

Total 

236 

120 

27 

401 

8-M 

V 

?n 

15 

20 

Sri 

Nl 

_24 

14 

m 

lot  al 

20 

19 

14 

o  i 

:'-u 

N» 

14 

14 

14 

47 

1 

30 

v» 

JO 

•m 

;  ot  a  l 

44 

44 

44 

1  17 

\: 

NF 

4  1 

41 

Total 

41 

41 

;  i  m 

1,187 

2.537 

2 , 170 

1,675 

291 

4  7/ 

192 

6*1 

ftl* 

H,9  15 

h  ^  Is  Jeep  water  w.ive  height. 
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Figure  20  •  WAVE  REFRACTION  DIAGRAM  -  1968  SHORELINE 


toward  the  beach.  These  paths,  together  with  the  breaking  criteria  discussed 
below,  were  used  to  compute  the  wave  angle  with  respect  to  the  shoreline 
at  breaking  (%) . 

Wave  diffraction  allows  for  the  lateral  transfer  of  energy  along  the 
wave  crest  and  is  most  noticable  when  the  waves  progress  is  interrupted 
by  some  barrier.  Such  is  the  case  with  the  detached  breakwater  and  harhor 
entrance  piers  at  Vermilion.  Whenever  the  incident  waves  encountered 
these  barriers,  diffraction  analysis  was  performed  and  included  in  sub¬ 
sequent  wave  energy  calculations.  Diffraction  analysis  was  performed 

r  o\ 

by  methods  outlined  in  SPM. 

The  wave  height  and  wave  angle  at  breaking  were  calculated  from  the 
refraction  pattern  and  the  relationship: 

Wave  height  at  breaking  „  „ 

- - Water  "Depth  “  0,8 

In  the  vicinity  of  the  breakwater  and  the  piers,  diffraction  of  wav«  s 
around  these  structures  also  affects  the  wave  angle  and  height.  These 
effects  were  included  in  the  analysis  as  well. 

The  resulting  breaker  angle  (a^)  and  height  (H^)  were  then  used  to 
compute  longshore  energy  flux  from  the  equation: 

Pls  ■  ff  "b2  Cg  Sln2\ 


Where  C 

g 


=  group  wave  speed. 


The  computation  of  energy  fluxes  for  wave  distributions  presented  above 

resulted  in  a  net  energy  flux  along  the  shore.  The  details  of  these 

computations  are  given  in  Appendix  A. 

The  energy  flux  values  were  then  converted  to  longshore  sediment 

transport  quantities  by  empirical  formulae.  The  amount  of  sediment  moved 

by  a  given  wave  is  dependent  upon  sediment  size,  beach  slope,  and  supply. 

Initially,  the  generalized  Corps  of  Engineers  formula  0^  =  (C)(Pjg),  where 

1 '  is  the  sediment  transport  in  cubic  yards  per  year  was  used.  The  Shore 
(  8) 

Protection  Manual  suggests  a  value  of  7,500  for  C.  However,  the  high 
values  were  not  consistent  with  observed  volume  changes  discussed  in 
Section  ITT.  A  procedure  was  then  used  to  "calibrate"  this  equation 
fc-r  the  Vermilion  case.  The  basic  approach  was  to  analyze  several 
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sections  of  I.agoons  and  Linwood  Beaches  where  known  volume  changes 
occurred.  A  balance  ol  inflow  and  out  I  low  energy  1 1  axes  was  set  up, 
and  a  coefficient  of  proportionality  could  be  found  between  volume  change 
and  net  energy  flux.  Application  of  tills  procedure  to  several  cases  re¬ 
sulted  in  the  following  formula,  which  was  then  used  in  all  cal  cul  at  i  on«. . 

Q  =  1940  P, 

s  Is 

Further  explanation  of  the  computations  may  be  found  in  Appendix  A.  Fo  i 
comparison,  it  is  noted  that  values  cited  in  the  literature  for  C  incl  ;.!«• 

88  3  for  the  northeast  coast  and  2,410  for  the  Nortli  Carolina  Coast.  ^ 

The  calculation  of  littoral  transport  was  carried  out  for  eight 
stations,  representing  the  critical  areas  for  Vermilion  beaches.  Two 
stations  are  on  City  Beach,  west  of  the  piers,  and  six  are  on  Lagoons 
and  Linwood  Beaches.  The  locations,  shown  on  Figure  2,  were  selected 
to  ensure  that  some  stations  were  in  the  area  of  the  breakwater's 
influence  (2,  3,  4,  5)  and  some  were  outside  of  it  (1,  7,  8). 

Several  sets  of  littoral  transport  computations  were  completed,  in 
order  to  assess  various  conditions. 

Transport  resulting  from  the  modified  Lorain  and  SSMO  wave  climates 
was  computed  for  the  following  conditions: 

1.  1977  shoreline  with  the  breakwater. 

2.  1977  shoreline,  no  breakwater. 

3.  1968  shoreline,  no  breakwater. 

4.  1968  shoreline  with  breakwater. 

Tt  is  note  1  that  the  1968  and  1971  shorelines  are  essentially  the  saw 
ifierefore,  the  computations  are  applicable  for  1971  as  well.  The  effects  <> 
water  level  changes  on  transport  phenomena  were  also  evaluated  for  repre¬ 
sent  .it  i  vc  eases  . 

Additional  transport  analysis  was  conducted  for  the  years  1971  to  I'l/L 
inclusive,  and  for  a  typical  northeast  storm. 

Based  upon  the  transport  analysis  described  above,  it  was  possible 
to  determine  an  equilibrium  angle  for  the  shoreline  at  each  station.  At 
this  orientation,  no  net  sand  transport  would  occur  for  the  incident 
i  aves  const de re d . 
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Onshore-Offshore  Transport  -  Onshore-offshore  transport  was  evaluated 

from  a  combination  of  theoretical  and  empirical  approaches.  The  velocity 

required  for  initiation  of  movement  of  lake  bed  sand  was  computed  to  be 

( 8^ 

about  0.4  to  0.5  feet  per  second;  '  (See  Section  II  for  sand  particle 
ji zes. ) 

The  waves  which  result  in  velocities  of  this  magnitude  at  various 
water  depths  were  then  calculated.  Additional  consideration  of 
onshore-of  fsiiore  transport  based  on  the  Vermilion  area  soundings  and 
knowledge  of  other  similar  areas  is  given  later  in  Section  V. 

Presentation  of  Results 

Littoral  Transport  -  The  results  of  the  littoral  transport  analysis 
using  the  modified  Lorain  wave  climate  and  SSMO  data  are  presented  in 
Table  6. 

The  results  indicate  that  the  predominant  direction  of  transport  on 
Linwood  and  Lagoons  Beaches  is  east.  This  is  in  contrast  to  the  generally 
accepted  east  to  west  transport  existing  from  Lorain  to  Vermilion,  and  on 
to  Huron  as  well.  It  is  noted,  however,  that  the  shoreline  orientation  along 
Lagoons  and  Linwood  Beaches  is  roughly  east-west  (80°-100°  from  north), 
while  the  shoreline  from  Lorain  to  the  Linwood  area  is  oriented  more  north¬ 
east-southwest  (50°-60°).  It  is  therefore  expected  that  westerly  transport 
is  decreased  in  this  area,  possibly  resulting  in  a  net  easterly  movement, 
in  the  vicinity  of  Lagoons  Beach.  Possible  limitations  in  the  accuracy 
of  the  energy-flux  method  are  discussed  later. 

Prior  to  breakwater  construction,  westerly  transport  generally  pre¬ 
dominated  on  Vermilion  City  Beach.  Results  based  on  TM-37^10^  data  indicate 
potential  transport  of  15,000  to  19,000  cubic  yards  per  year  at  the  east 
end  of  the  beach  (Station  1)  and  approximately  50,000  cubic  yards  per 
year  at  Station  2.  The  higher  amount  at  Station  2  results  from  the  more 
northerly  orientation  of  the  shoreline  at  this  spot.  It  is  emphasized 
that  the  numerical  values  are  only  gross  estimates  of  potential  transport 
from  the  wave  energy.  Limited  sand  availability  often  reduces  the  actual 
movement  drastically.  For  example,  the  analysis  of  historical  data 
indicates  net  volume  changes  of  only  500  cubic  yards  per  year  occurred 
prior  to  1968.  Nevertheless,  westward  transport  is  predicted  for  Vermilion 
City  Beach,  as  expected. 
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Computations  based  on  SSMO  data  predict  easterly  transport  at 
Station  1  and  westerly  transport  at  Station  2.  This  apparent  anomaly 
results  from  the  slightly  more  northerly  shoreline  orientation  at  Sta¬ 
tion  2,  and  emphasizes  the  critical  importance  of  shoreline  orientation  in 
the  calculations.  The  net  longshore  energy  fluxes  at  Vermilion  are  very 
small,  and  a  slight  difference  in  shoreline  alignment  may  change  the  direc¬ 
tion  of  littoral  drift.  The  analytical  method  computes  independent  trans¬ 
port  values  at  each  point  on  the  beach,  and  may  not  be  accurate  for  regional 
drift . 

On  Lagoons  and  Linwood  Beaches,  the  potential  transport  is  easterly 
prior  to  breakwater  construction,  with  magnitudes  ranging  from  50,000 
cubic  yards  per  year  near  the  east  pier  to  5,000  cubic  yards  at  the  east 
end  of  Linwood  Beach  (TM-37  data).  SSM3  data  also  predicts  easterly 
transport  with  a  smaller  range  of  magnitudes.  Again,  the  easterly  trans¬ 
port  predicted  is  questionable,  but  possible  in  light  of  the  shoreline 
alignment,  although  the  magnitudes  are  likelv  overestimated. 

After  construct iai  of  the  breakwater,  predominant  sand  transport 
reversed  to  the  east  on  Vermilion  City  Beach,  due  to  the  breakwater  shielding 
the  shoreline  from  northeasterly  waves.  The  quantity  of  potential  transport 
ranged  from  2,000  cubic  yards  per  year  to  13,000  cubic  yards  per  year  (TM- </) 
and  from  12,000  to  30,000  cubic  yards  per  year  (SSMO  data).  This  dis¬ 
crepancy  points  out  the  approximate  nature  of  the  estimates.  Small 
variations  in  incident  wave  climate  may  cause  large  changes  in  transport. 
Potential  inaccuracy  is  introduced  in  the  wave  climate,  the  refraction 
procedure,  and  the  general  nature  of  the  transport  equations. 

Significant  errors  are  present  in  each  wave  climate  studied.  The 
TM-37  data  was  generated  by  hindcasting  methods,  rather  than  actual  wave 
data.  The  SSMO  data,  on  the  other  hand,  is  based  on  actual  wave  observa¬ 
tions,  but  is  generalized  for  the  entire  western  half  of  Lake  Erie.  In 
addition,  wave  observations  tend  to  overestimate  heights  and  periods, 
since  the  larger  waves  of  a  group  are  noted.  Several  very  large  waves 


are  included  in  the  SSMO  data  (see  Table  5).  The  modified  TM-37  data 
is  generally  considered  to  be  a  better  reproduction  of  the  actual  conditions 

In  spite  of  these  limitations,  accretion  of  the  beach  immediately 
west  of  the  west  pier  is  predicted  by  the  energy  flux  method,  although 
the  magnitude  is  overestimated. 

For  Lagoons  and  Linwood  beaches,  the  observed  buildup  of  sand  adjacent 
to  the  east  pier  is  not  predicted  by  TM-37  wave  data.  Eastward  transport 
occurs  at  Stations  3  and  4,  due  to  the  shoreline  alignment  (>110°).  West¬ 
ward  transport  is  predicted  only  at  Stations  5  and  6.  SSMO  data  predicts 
westward  transport  at  Stations  4-6,  which  is  in  better  agreement  with  the 
observed  accretion  at  Lagoons  Reach.  Realignment  of  the  shoreline  ( 1  ‘>  7  7 
(’<' mput  at  i  ons )  reversed  the  calculated  transport  to  the  east  of  Station  4 
16,400  cubic  yards)  and  significantly  reduced  westward  movement  at 
Station  6  (from  24,000  to  6,000  cubic  yards).  The  breakwater  has  had  no 
significant  effect  on  transport  at  or  to  the  east  of  Station  7  located 
1,800  feet  east  of  the  east  pier.  This  is  in  good  agreement  with  the 
analysis  of  data  (Section  TIT),  which  indicated  that  the  area  of  influence 
extends  only  to  Station  14+00  E. 

In  summary’,  the.  application  of  TM-37  and  SSMO  wave  data  failed  to 
predict  the  shift  in  beach  alignment  observed  from  1971  to  1975.  Close 
examination  of  the  wave  refraction  results  indicates  that  northeast  waves 
are  refracted  such  that  the  wave  breaks  with  an  easterly  component  of 
energy  at  Stations  3,  4,  and  5.  That  is,  the  wave  rav  approaches  the 
shore  west  of  a  perpendicular  to  the  beach  (see  Figure  17).  Whether  this 
is  an  accurate  representation  of  refraction  is  questionable.  It  Is 
possible  that  the  combined  effects  of  the  breakwater,  the  east  pier,  the 
east  lake  approach  channel,  and  the  curved  shoreline  (and  bottom  contours) 
or.  wave  refraction  are  not  accurately  analyzed  by  existing  refraction  theory 
It  appears  that  the  limitations  of  the  method  of  analysis  (refraction 
theorv  and  energy  flux  calculations)  result  in  errors  of  the  same  general 
magnitude  as  the  transport  values  themselves.  Application  of  this  method 
to  open  coastlines  typically  give  transports  in  the  hundreds  of  thousands 
° •  cubic  yards;  the  percent  error  would  be  correspondingly  reduced  in 
these  applications. 
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Lake  Level  Effects  -  The  effect  of  a  change  in  Lake  Erie  water  level 
on  wave  characteristics  was  evaluated  by  computer  refraction.  The  results 
are  shown  in  Table  7.  The  periods  shown  in  Table  7  are  representative  of 
the  range  of  waves  experienced  at  Vermilion. 

TABLE  7 

EFFECT  OF  LAKE  LEVEL  ON 
ANGLE  OF  WAVE  BREAKING 


Direction  of 

Period 

(Sec) 

Wave  Propagation 

3 

5 

7 

10 

13 

Aa  0 
b 

Aab 

Aab 

Aab° 

AV 

West 

2.25 

1.00 

2.00 

0 

0.  75 

Northwest 

1.50 

1.00 

0.25 

2.00 

0.50 

No  rth 

0 

0.25 

1.25 

0.50 

0 

Northeast 

1.25 

1.25 

1.00 

]  .00 

0.50 

Notes:  is  the  angle  in  degrees  between  the  wave  ray  and  the 

normal  to  the  tangent  of  the  shoreline. 

Aab  is  the  change  in  0%  (in  degrees)  caused  by  a  1  foot 
change  in  Lake  level.  Values  of  Acq,  are  subtracted  from 
%  for  rising  lake  levels,  and  added  for  falling  lake  levels. 
The  figures  given  in  the  table  are  an  average  for  all  com¬ 
puted  values  occurring  on  beaches  both  east  and  west  of 
Vermilion  Harbor 


A  rise  in  water  level  increases  refraction  and  results  in  breaking 
angles  more  perpendicular  to  store.  Similarly,  a  fall  in  water  level  de¬ 
creases  refraction  and  results  in  breaking  angles  less  perpendicular  to 
the  shore  (approaching  the  angle  of  wave  origin).  The  predominant  waves 
that  are  responsible  for  sediment  transport  at  Vermilion  are  those  origi¬ 
nating  in  the  northwest  and  northeast  directions  which  are  both  similarly 
affected  by  variations  in  water  level.  Hence,  a  rise  or  fall  in  water 
level  results  in  variations  in  gross  sediment  transport,  but  these  tend 
to  cancel  and  the  effect  on  net  sediment  transport  is  not  significant. 

Detailed  Analysis  of  Littoral  Transport  1971-1976 

Since  the  littoral  transport  computations  based  on  historically 
developed  average  wave  climates  did  not  adequately  predict  observed 
phenomena  on  T.agoons  and  Linwood  Beaches,  a  wave  climate  was  developed. 
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for  each  of  the  years  1971  to  1976.  It  was  observed  that  a  slightly 
higher  incidence  of  northeasterly  winds  occurred  in  1972  and  1973. 
Significant  wave  heights  and  periods  were  hindcast  from  wind  data  taken 
at  Cleveland.  (See  Appendix  A  for  details.)  The  resulting  littoral 
transport  values  are  summarized  in  Table  8. 

TABLE  8 

NET  LITTORAL  TRANSPORT  FOR  YEARS  1971-1976 


Station 


Condition 

Shoreline 

3 

4 

5 

6 

7 

(yd3/y r) 

(yd3/yr) 

(yd3/yr) 

(yd3/y  r) 

(yd3/y r! 

No  Breakwater 

1971 

+15,750 

+18,040 

+10,460 

+  7,570 

+5  ,440 

No  Breakwater 

1972 

+21,490 

+14, 760 

+2,820 

-1,860 

-510 

No  Breakwater 

1973 

+21,080 

+17,560 

+6,440 

+  3,030 

-1,540 

With  Breakwater 

1974 

+9,870 

+2,280 

-7,  790 

-9,460 

-2,110 

With  Breakwater 

1975 

+8,650 

+3,890 

-6,220 

-3,810 

+2 .150 

With  Breakwater 

1976 

+5,670 

+2,100 

-6,400 

-4  ,450 

+5,280 

+  =  Transport  to  the  east. 
-  =  Transport  to  the  west. 


(Data  source  Local  Climatological  Data.  U.S.  Department  of  Commerce, 
National  Oceanic  and  Atmospheric  Administration,  Environmental  Data 
Service,  Cleveland  Hopkins  International  Airport,  Cleveland,  Ohio.) 

The  higher  incidence  of  northeast  winds  in  1972-73  is  reflected  in  the 
transport  results  for  these  years.  The  prevailing  easterly  transport  is 
reduced  during  these  years,  and  westerly  transport  is  predicted  for  the 
eastern  end  of  Linwood  Beach.  At  Station  3,  easterly  transports  are  not 
■educed  because  of  the  previously  mentioned  excessive  refraction  at  this 
’  on. 
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Since  the  breakwater  w -s  constructed  in  1973,  generally  westward 
transports  are  predicted  fr.’m  Station  5  to  the  east  until  1976.  However, 
accretion  immediately  adjacent  to  the  east  pier  is  not  predicted.  Sand 
transport  amounts  during  these  years  are  significantly  lower  than  the 
values  predicted  bv  TM-37  or  SSMf)  data,  and  are  closer  to  the  magnitudes 
observed  in  the  analysis  of  aerial  photos  in  Section  TT.  This  raises 
a  question  as  to  how  typical  those  wa'«"  climates  are. 


Potential  sand  transport  during  typical  northeast  storms  were  also 
calculated  and  are  summarized  below: 


Date 

Storm 

Duration 

Peak  Wind 
Velocity 

Predicted  Maximum 
Sand  Transport 

October  17-18,  1975 

42  hrs. 

33  mph 

2,000  cubic  yds. 

April  8,  1973 

33  hrs. 

25  mph 

750  cubic  yds. 

November  12  to  16,  1972 

88  hrs. 

35  mph 

3,500  cubic  yds. 

*The  November,  1972-storm  is  well  documented  by  Carter. 

It  should  be  noted  however,  that  because  of  the  extreme  orientation 
of  the  beach  immediately  adjacent  to  the  east  pier,  easterly  transport 
was  predicted. 

Equilibrium  Beach  Angles 

The  preceding  analysis  made  it  apparent  that  the  angle  of  beach 
alignment  was  extremely  critical  for  prediction  of  transport  direction 
and  magnitude.  An  analysis  of  equilibrium  shoreline  orientation  was 
included  in  Section  III  (Figure  15),  based  on  the  available  data.  In 
this  section,  analysis  of  equilibrium  shoreline  angles  is  based  on  long¬ 
shore  wave  energy  calculations.  The  shoreline  angle  at  which  the  net 
longshore  sand  transport  is  negligible  was  determined.  The  results  are 
summarized  in  Table  9.  A  larger  angle  indicates  a  shift  in  sand  from 
east  to  west. 

Tt  is  apparent  that  the  alignment  of  Vermilion  City  Beach  Is  present  i 
slightly  more  east-west  than  under  equilibrium  conditions.  The  easterly 
transport  predicted  in  Table  6  will  therefore  continue  until  the  equilihr! 
angles  (64°  at  Station  1,  50°  at  Station  2)  are  reached. 


* 

The  present  shoreline  alignments  of  Lagoons  and  Linwood  Beach  are 
also  more  conducive  to  easterly  transport.  Several  interesting  points 
are  evident: 

1.  The  predominance  of  northeast  winds  during  1972  and  1973 
are  reflected  in  the  angles  for  these  years. 

2.  The  effect  of  the  breakwater  was  to  shift  the  equilibrium 
angle  by  about  10°  within  700  feet  of  the  breakwater, 

3.  The  data  generated  for  1974,  1975,  and  1976  predicts 
a  larger  equilibrium  angle  (more  westward  transport) 
than  TM-37  data. 

4.  The  existence  of  equilibrium  conditions  prior  to  break¬ 
water  construction  is  evidenced  by  the  good  agreement 
between  the  1968  shoreline  and  predicted  values  without 
the  breakwater  (Column  2). 

5.  Good  qualitative  agreement  was  found  between  the  observed 
shoreline  angle  changes  (Figure  15)  and  predicted  values, 
although  the  actual  orientation  at  Lagoons  Beach  is  at  a 
greater  angle  than  predicted. 

In  the  future,  the  beach  should  tend  to  decrease  the  angle  of  align¬ 
ment  to  the  equilibrium  angles.  This  indicates  that  the  accretion  at  the 
east  end  of  Lagoons  Beach  will  decrease  and  erosion  of  Linwood  Beach  will 
reverse.  Indications  of  this  occurring  are  evident  in  the  1977  survey 
data  and  photos  discussed  in  Section  II. 
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SECTION  V  -  IMPACT  OF  FEDERAL  NAVIGATION  STRUCTURES 

Impact  on  Shoreline  Alignment  and  Beach 

Distribution  -  The  federally  constructed  improvements  at  Vermilion 
Harbor  have  significantly  affected  shoreline  conditions  in  the  Vcr- 
*  milion  Harbor  area,  beginning  with  the  construction  of  the  parallel 

piers  in  1836.  Significant  eros'on  of  the  western  shore  occurred 
within  10  years  ,  and  an  accretion  of  300  feet  occurred  to  the  east 
of  the  piers  during  the  same  period.  The  shoreline  then  stabilized  at 
an  equilibrium  alignment  which  was  maintained  with  little  significant 
change  until  1972.  Although  this  initial  erosion  from  1837  to  1847  was  sib- 

% 

stantial,  no  serious  consideration  of  mitigation  of  these  effects  is 
warranted  at  this  point  over  130  years  later. 

The  most  recent  alteration  in  shoreline  alignment  began  in  1972 
and  continued  to  1976,  spanning  the  1973  construction  of  the  offshore 
breakwater.  Although  the  breakwater  could  not  have  been  the  cause 
of  the  initial  change,  it  appears  that  the  presence  of  the  structure- 
accelerated  the  accretion  of  sand  in  the  800  to  1,000  foot  area  adjacent 
__  to  the  east  pier  by  blocking  the  erosive  power  of  northwesterly  waves. 

A  rigorous  mathematical  analysis  of  littoral  transport  does  not  predict 
a  significant  accretion  of  sand  in  this  area.  However,  a  shift  in  the 
equilibrium  angle  of  the  beach  east  of  the  piers  of  up  to  10  degrees  is 
predicted,  which  agrees  well  with  the  observed  change. 

The  critical  question  is  whether  or  not  the  shoreline  will  continue 
to  accrete  in  the  vicinity  of  the  east  pier  and  erode  at  the  east  end 
of  Linwood  Beach.  Recent  surveys  and  photos  indicate  that  no  further 
re-orientation  of  the  shoreline  has  occurred  since  1976.  In  fact,  some 
accretion  has  occurred  at  the  east  end  of  Linwood  Park  (see  Figures  14 
and  16),  probably  resulting  from  incoming  sand  from  the  east.  No  recent 
•>  significant  reduction  of  the  accreted  deposit  at  the  east  pier  is  evident, 

however . 
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Hie  mathematical  analysis  of  littoral  processes  predicts  that 
eastward  transport  should  occur,  and  some  reversal  of  the  1972-76 
pattern  would  be  expected.  The  future  shoreline  alignment  may  also 
be  affected  by  unusual  wind  distributions. 

After  consideration  of  all  the  factors  involved,  it  is  our 
opinion  that  no  further  clockwise  shift  in  shoreline  orientation  is 
likely. 


Impact  on  Sediment  Budget 

As  discussed  previously,  the  influx  and  outflow  of  sediment  to 
the  Lagoons- Linwood  Beach  system  is  very  difficult  to  evaluate.  In¬ 
flow  from  the  bluff  to  the  east  can  vary  from  1,000  cubic  yards  of 
beach  building  material  per  year  to  over  15,000  cubic  yards  per  year 
depending  on  erosion  factors  such  as  storm  incidents  and  lake  levels. 

These  rates  have  not  been  affected  by  the  federal  navigation  structures. 

The  movement  of  material  onshore  or  offshore  also  can  not  be  ascertained 
with  any  degree  of  accuracy.  The  lack  of  sand  presently  existing  offshore 
at  depths  greater  than  5  to  6  feet  indicates  that  the  importance  of  onshore- 
offshore  movement  is  negligible  except  in  the  vicinity  of  the  river,  where 
river  discharges  may  have  diverted  littoral  material  offshore.  However,  sand 
thicknesses  up  to  an  inch  or  two  would  be  undetected  by  surveys,  and  yet  could 
represent  a  significant  volume  over  the  3,000  foot  length  of  Linwood  Beach. 

Flow  of  sand  around  the  ends  of  the  harbor  channel  piers  is  also 
impossible  to  predict.  From  sediment  budget  considerations,  values 
on  the  order  of  1,000  to  4,000  cubic  yards  per  year  seem  reasonable. 

There  is  no  evidence  that  westerly  sand  transport  around  the  piers 
has  increased  since  construction  of  the  breakwater.  However,  deposits 
of  sand  have  occurred  in  the  river  and  lake  approach  channels,  requiring 
dredging  on  three  occasions  (see  Figure  16).  These  deposits  are 
created  by  sand  transport  from  short-term  wave  events.  Specific  storms 
move  sand  into  these  areas,  and  the  breakwater  prevents  waves  from 


returning  the  material  to  the  littoral  system.  High  river  flows  may 
have  also  scoured  sand  from  deposits  at  these  locations  and  transported 
it  out  the  east  lake  approach  channel,  resulting  in  loss  of  material 
to  deeper  water.  The  channel  deposits  in  the  lake  approach  channel  and 
river  channel  are  caused  by  the  offshore  breakwater. 

Environmental  Effects  of  Shoreline  Erosion 

The  following  discussion  focuses  on  the  potential  environmental 
impacts  of  shoreline  erosion.  Impacts  on  the  aquatic  biology,  water 
quality,  terrestrial  ecology,  and  socioeconomics  are  of  primary  con¬ 
cern. 

Sediment  resulting  from  shoreline  erosion  has  a  detrimental 
effect  on  aquatic  biology.  Siltation  and  turbidity  lessen  light  pene¬ 
tration  of  the  water  and  blanket  plants,  phytoplankton,  and  benthos 
with  a  layer  of  silt.  These  circumstances  result  in  a  lack  of  vegeta¬ 
tion  and  pollution  tolerant  benthos.  The  lack  of  vegetation  results  in 
increased  turbidity  and  a  reduction  in  fish  species  which  use  areas  of 
aquatic  vegetation  for  feeding,  spawning,  and  protection.  Studies 
performed  by  Ryclaman,  Edgerly,  Tomlinson  and  Associates  and  the 
Cleveland  Environmental  Research  Group  in  1975;  and  by  the  Ohio  EPA 
in  1972,  document  these  conditions  in  the  Vermilion  area.^^ 

As  the  bluff  is  eroded,  trees  are  undermined  and  fall  into  the 
lake.  Loss  of  this  habitat  is  expected  to  have  little  overall  effect 
on  terrestrial  wildlife  since  existing  habitat  quality  is  generally 
poor.  The  aesthetic  impact  from  the  loss  of  trees  probably  is  more 
significant  than  the  loss  of  habitat. 

Aesthetic  impacts  include  not  only  the  adverse  visual  impact  of 
the  absence  of  the  trees,  but  also  the  undesirable  brownish  color 
of  the  water  due  to  turbidity  when  severe  erosion  occurs.  Such  ad¬ 
verse  visual  impacts  can  degrade  the  recreational  experience  for 
swimmers,  boaters,  and  sightseers. 
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Another  consideration  of  shoreline  erosion  is  social  well-being. 
Property  owners  living  near  the  bluff  undoubtedly  have  a  concern  for 
the  future  of  their  land  and  structures.  The  psychological  impact  of 
these  concerns  cannot  be  measured.  In  addition  to  these  psychological 
concerns  is  the  question  of  property  values  for  those  parcels  adjacent 
to  the  eroding  bluff.  Physical  loss  of  property  from  erosion  and  the 
impending  threat  to  structures  could  depress  property  values. 

General  Alternatives  for  Mitigation 

In  the  event  that  a  decision  is  made  to  restore  the  Lagoons- 
Linwood  Beach  system  to  its  pre-1972  condition,  several  alternatives 
should  he  investigated.  They  basically  fall  into  three  categories. 

1.  Alteration  of  the  breakwater. 

2.  Artificial  transport  of  sand. 

3.  Construction  of  shoreline  protection  structures  along  the 
Lagoons- Linwood  shoreline. 

Artificial  transport  of  sand  could  be  employed  to  move  sand 
accreting  at  the  east  pier  back  to  the  Nakomis  area.  The  resulting 
shift  in  shoreline  alignment  would  restore  westerly  transport  and 
distribute  sand  along  Linwood  Beach.  A  "littoral  cycle"  would  be 
formed  in  which  hydraulic  pumping  or  trucking  of  sand  would  augment 
natural  processes.  The  details  regarding  maintenance  intervals 
and  quantities  moved  could  be  designed  based  on  sand  volumes  pre¬ 
sented  in  Section  II. 

Artificial  nourishment  of  Linwood  Beach  from  an  external  sand 
source  could  be  combined  with  bypassing  at  the  east  pier.  Sand  would 
be  added  t~  the  littoral  system,  with  some  benefits  for  shoreline 
residents  east  and  west  of  the  harbor.  The  major  benefit  would  be  a 
larger  beach  at  Linwood.  The  feasibility  of  such  a  scheme  depends  upon 
the  cost  of  outside  sand. 

A  variety  of  shoreline  protection  structures  designed  to  retain 
sand  could  be  considered  including: 
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1.  Groin  fields  of  various  designs. 

2.  A  svsteni  of  offshore  breakwaters. 

These  solutions  would  have  additional  environmental  and  hydraulic 
effects,  and  careful  evaluation  would  be  necessary. 

Conclusions 

The  preceding  analysis  has  shown  that  the  offshore  breakwater  has 
contributed  significantly  to  shoreline  re-orientation,  characterized  by 
accretion  near  the  piers  and  erosion  at  eastern  Linwood  Beach.  However, 
the  shoreline  is  approaching  a  new  equilibrium  and  no  further  significant 
sr.ifts  are  anticipated.  It  lias  not  been  possible  to  quantitatively 
determine  how  much  of  tnt  realignment  was  due  to  high  lake  levels  and 
a  higher  incidence  of  northeast  winds,  and  how  much  was  due  to  the 
off  si, ore  breakwater. 

The  breakwater  has  created  sand  deposits  in  the  lake  approach 
channels  ar.d  the  river  entrance  channel.  Mitigation  of  these  impacts 
has  been  practiced  in  the  form  of  maintenance  dredging  on  three 
occasions.  Dredging  or  some  other  form  of  mitigation  may  be  required 
in  the  future  for  removal  of  similar  deposits. 

The  tradeoff  between  navigation  protection  and  coastal  processes 
impacts  is  apparent.  Any  structure  that  reduces  wave  action  to  aid 
navigation  ai-o  reduces  the  motive  force  that  maintains  shoreline 
equilibrium.  .  ;uy  removal  of  the  breakwater  will  be  completely  effective 
in  returning  the  shoreline  to  the  pre-1972  long  term  equilibrium  position. 
Partial  modifications  may  also  be  investigated,  but  it  is  doubtful 
if  any  solution  which  retains  significant  protection  for  navigation 
would  do  much  for  restoration  of  the  .shoreline. 

As  stated  above,  the  offshore  breakwater  has  provided  protection 
from  high  waves  at  the  harbor  mouth,  and  has  had  an  adverse  impact  on 
snoreiine  re-orientation  and  erosion  at  the  east  end  of  Linwood  Beach. 
However,  the  apparent  relative  stabilization  of  the  shoreline  at  its  1976 
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occur  during  high  lake  levels,  even  though  the  beach  remains  in  a  long¬ 
term  equilibrium  position.  There  ore,  assuming  that  the.  beach  is  accept¬ 
able  s  It  presently  exists,  no  further  consideration  of  mitigation  for 
beach  erosion  is  required.  It  is  recommended,  however,  that  periodic 
monitoring  of  the  beach  be  continued  so  that  any  future  unanticipated 
re-orientation  of  the  shoreline  is  promptly  recorded. 

Impacts  Investigated  and  Cone lusions  Reached  in  Companion  Study 

The  purpose  of  this  study  was  to  determine  whether  or  not  the  detached 
breakwater  at  Vermilion  Harbor,  Ohio,  is  causing  any  adverse  effects  for 
which  mitigation  measures  should  be  considered.  The  study  was  initiated 
in  April  1977  in  response  to  complaints  from  the  Linwood  Park  Cottage 
Ovners  Association  and  other  citizens  concerned  about  specific  subjects. 

The  seven  specific,  subjects  of  complaint  addressed  in  this  report 

are : 

a.  Periodic  c c^*-. f  municipal  ■  ■  a ■.  •  supply. 

b.  Diversion  of  ,vr-;  1 '  —c  river  water  irto  end  pollution  of 
adjacent  recreational  ."dimming  areas. 

c.  Increased  (or  decreasec;  ice  formation  in  the  calm  waters 
shoreward  of  the  breakwater  at  the  harbor  entrance  and 
increased  (or  decreased)  probability  of  ice  jam  flooding. 

d.  Increased  flood  potential  due  to  raising  tne  river  water 
profile . 

e.  Rapid  sediment  accumulation  in  ih«  Vermilion  River  causing 
increased  dredging  costs  and  increased  sedimentation  in  the 
adjacent  private  .lagoons 

f.  Navigation  hazards  due  to  traffic  congestion  at  the  river 
mouth  and  at  blind  corners. 
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The  results  of  this  study  are  that  the  breakwater  is  having  an 
adverse  effect  on:  (1)  the  recreational  swimming  areas  to  the  east  by 
diverting  polluted  water  to  them;  and  (2)  on  the  ice  jam  flooding  by 
increasing  ice  Jam  potential  at  the  harbor  entrance.  Additional  studies 
will  be  undertaken  to  quantify  the  severity  of  these  impacts  and  recom¬ 
mendation  of  a  mitigation  plan,  if  warranted,  will  be  made. 

Results  regarding  sediment  accumulations  in  the  river  are  related 
to  the  shoreline  erosion  and  redistribution  of  sand  to  the  east  and  west 
of  the  harbor.  The  conclusions  have  been  presented  in  this  Section. 

It  was  concluded  that  the  breakwater  is  not  having  a  significant 
effect  on  the  following  items: 

1.  Periodic  contamination  of  the  municipal  water  supply. 

2.  Increased  flood  potential  due  to  raising  the  river  water 
surface  profile. 

3.  Navigation  hazards  due  to  traffic  congestion  at  the  river 
mouth  and  at  blind  comers, 

4.  Aesthetics. 

Therefore,  no  further  consideration  of  mitigation  for  these  aspects  is 
warranted . 


REFERENCES  CITED  IN  TEXT 


(1)  Preliminary  Report  on  Section  111  Study  of  Vermilion  Harbor,  Ohio, 
Department  of  the  Army,  Buffalo  District,  Corps  of  Engineers, 
Buffalo,  New  York,  January,  1976. 


(2)  House  Document  No.  32,  83d  Congress,  1st  Session,  Appendix  VI,  Ohio 

Shore  Line  of  Lake  Erie,  Sandusky  to  Vermilion,  Ohio,  Beach 
Erosion  Control  Study,  December  5,  1952. 

(3)  House  Document  No.  229,  83d  Congress,  1st  Session,  Appendix  VIII, 

Ohio  Shore  Line  of  Lake  Erie  Between  Vermilion  and  Sheffield 
Lake  Village,  Beach  Erosion  Control  Study,  August  3,  1953. 

(4)  Hartley,  Robert  P. ,  Effects  of  Large  Structures  on  the  Ohio  Shore 

of  Lake  Erie,  Report  of  Investigations  No.  53,  State  of  Ohio, 
Department  of  Natural  Resources,  Division  of  Geological  Survey, 
Columbus,  Ohio,  1964. 

(5)  Carter,  Charles  H. ,  Natural  and  Manmade  Features  Affecting  the  Ohio 

Shore  of  Lake  Erie,  Guidebook  No.  1,  State  of  Ohio,  Department 
of  Natural  Resources,  Division  of  Geological  Survey,  Columbus, 
Ohio,  1973. 

(6)  Section  14  Reconnaissance  Report  for  Elberta  Beach  and  Linwood  Park, 

Vermilion,  Ohio,  prepared  by  Dalton,  Dalton,  Little,  Newport, 

Inc.  of  Cleveland,  Ohio,  under  contract  with  Department  of  the 
Army,  Buffalo  District,  Corps  of  Engineers,  Buffalo,  New  York, 
September,  1977. 

(7)  Bruun,  Per,  "Sea-Level  Rise  as  a  Cause  of  Shore  Erosion,"  Leaflet 

No.  152,  reprinted  courtesy  Journal  of  the  Waterways  and  Harbors 
Division,  Proceedings  of  the  American  Society  of  Civil  Engineers, 
by  Florida  Engineering  and  Industrial  Experiment  Station,  College 
of  Engineering,  University  of  Florida,  Gainesville,  Florida, 

Vol.  XVI,  No.  5,  May,  1962 

(8)  U.S.  Army  Coastal  Engineering  Research  Center,  Fort  Belvoir,  Virginia, 

Shore  Protection  Manual,  Volume  III,  U.S.  Army  Coastal  Engineering 
Research  Center,  Department  of  the  Army,  Corps  of  Engineers,  Fort 
Belvoir,  Virginia,  1973. 

(9)  U.S.  Corps  of  Engineers,  Buffalo  District,  Cooperative  Beach  Erosion 

Control  Project  for  Lakeview  Park,  Lorain,  Ohio,  General  Design 
Memorandum,  Phase  II  -  Project  Design,  Department  of  the  Army 
Buffalo  District,  Corps  of  Engineers,  June,  1975. 


/ 

i 


* 


I 


702  7 


(10)  U.S.  Corps  of  Engineers,  Wave  and  Lake  Level  Statistics  for  Lake  Erie, 

Technical  Memorandum  No.  37,  Beach  Erosion  Board,  Corps  of 
Engineers,  March,  1953. 

(11)  C.S.  Department  of  Commerce,  Summary  of  Synoptic  Meteorolont  r.i  1 

Observations  for  Great  Lakes  Area,  Volume  1.  Lake  Ontario  and 
Lake  Erie,  National  Oceanic  and  Atmospheric  Administration, 
Environmental  Data  Service,  National  Climatic  Center,  Asheville, 
North  Carolina,  January,  1975. 

(12)  U.S.  Department  of  Commerce,  Local  Climatological  Data,  Cleveland, 

Ohio,  for  1971,  1972,  1973,  1974,  1975,  and  1976,  National 
Oceanic  and  Atmospheric  Administration  Environmental  Data  Service, 
National  Climatic  Center,  Asheville,  North  Carolina. 

(13)  U.S.  Waterways  Experiment  Station,  "Computer  Program  to  Compute,  Print, 

and  Plot  Water  Wave  Refraction,"  Program  No.  743-C9Z5-015, 

August,  1972. 

(14)  Jarrett,  J.  T.,  "Sediment  Budget  Analysis  Wrightsville  Beach  to  Kure 

Beach,  N.  C.,"  Coastal  Sediments  '77,  Fifth  Symposium  of  the 
Waterway,  Port,  Coastal  and  Ocean  Division  of  ASCE,  Charleston, 
South  Carolina,  November  2-4,  1977,  American  Society  of  Civil 
Engineers,  New  York,  New  York,  1977. 

(15)  Carter,  C.  H. ,  The  November  1972  Storm  on  Lake  Erie,  Information 

Circular  No.  39,  State  of  Ohio,  Department  of  Natural  Resources, 
Division  of  Geological  Survey,  Columbus,  Ohio,  1973. 

(16)  Final  Environmental  Impact  Statement,  Operation  and  Maintenance 

Vermilion  Harbor,  Ohio,  U.S.  Army  Engineer  District,  Buffalo, 

New  York,  March,  1976. 


7027 


^ *  ‘ * 


rfrgfr  r- 


-MF  •  ***** 


APPENDIX  A 


DEVELOPMENT  OF 
LITTORAL  PROCESSES 
ANALYSIS 


APPENDIX  A 

DEVELOPMENT  OF  LITTORAL  PROCESSES  ANALYSIS 


Introduction 

This  appendix  discusses  the  detailed  methods  of  analysis  of 
littoral  processes  outlined  in  Section  IV.  The  following  basic  steps 
are  involved. 

1.  Development  of  Wave  Climates 

2.  Refraction  and  Diffraction  Analysis 

3.  Determination  of  Breaking  Wave  Height  and  Angle 
of  Attack  on  Shoreline 

4.  Calculation  of  Energy  Fluxes 

3.  Calculation  of  Sand  Transport 

6.  Determination  of  Shoreline  Equilibrium 


1.  Development  of  Wave  Climates 

Of  the  three  wave  climates  developed  in  this  study,  two  were 

constructed  by  using  hindcast  techniques,  or  adapted  from  wave  climates 

(9) 

developed  in  this  manner.  The  Lakeview  Park  study  at  Lorain,  Ohio' 

(12) 

and  the  Local  Climatological  Data  for  Cleveland,  Ohio,  were  the 
basis  of  the  hindcast  wave  climates.  The  third  wave  climate  developed 
made  use  of  reported  observations  summarized  in  Synoptic  Summary  of 
Meteorological  Observations . 

Hindcasting  techniques  for  predicting  the  wave  height  and  wave 
period  make  use  of  the  fetch  length,  wind  velocity,  and  depth  of  water 
through  which  the  wave  is  propogating.  Methods  of  hindcasting  are 
outlined  in  CERC  "Shore  Protection  Manual."  For  the  analysis  in  this 
report  use  was  made  of  the  following  equations: 


-  0.283  tanh  [0 . 5 30 (-Sj)  °*  75  ]  tanh 


o.ons^)0,42 
_ uj _ 

tanh  [0.530(*|)0,75] 


to  calculate  the  wave  height  H 
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and 

f=7-  120  tanh  [0.833(*f)°*375]  tanh 

U 


0.077(^F)0.25 

_ i r _ 

tanh  [O.SSSC-2^)0*  375  ]( 
U 


to  calculate  the  wave  period  T 

_2 

where:  g  =  acceleration  due  to  gravity  (ft  sec  ) 

U  =  wind  speed  (ft  sec-^) 
d  =  water  depth  (ft) 

F  =  fetch  (ft) 

H  =  wave  height  (ft) 

T  ■  wave  period  (sec) 

Confuted  values  of  H  and  T  by  hindcast  techniques  generally  yield 
results  in  terms  of  the  significant  wave  height  (Hs)  and  significant 
wave  period  (Ts)  which  is  the  average  of  the  highest  third  of  wave 
heights  and  wave  periods  in  the  wave  spectra.  To  obtain  a  true  range 
of  values  of  waves  within  the  spectra,  it  is  necessary  to  distribute 
the  significant  wave  heights  and  periods;  this  is  generally  achieved 
by  use  of  the  Rayleigh  distribution  of  wave  energy. 

/Q\ 

The  above  analysis  had  been  performed  in  the  Lakeview  Park  Study'' 
(based  on  TM-37^1^)  to  obtain  their  wave  climate.  In  order  to  apply 
this  wave  climate  to  the  Vermilion  study,  it  was  necessary  to  make  some 
adjustments  to  compensate  for  the  change  in  fetch  length  brought  about 
by  transposing  the  site  from  Lorain  to  Vermilion.  The  Lorain  wave 
climate  gave  the  duration  in  hours  that  waves  in  a  certain  period  and 
height  range  occurred  and  by  backworking  the  hindcast  method,  the  wind 
climate  that  produced  the  Lorain  waves  was  established.  With  these 
winds,  a  wave  climate  for  Vermilion  was  developed.  It  was  also  neces¬ 
sary  to  add  waves  originating  in  the  east-northeast  direction  for 
Vermilion  and,  as  no  such  waves  exist  at  Lorain,  the  wave  climates 
developed  for  Cleveland  in  TM-37^3^  were  applied. 
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For  the  wave  climates  developed  by  Local  Climatological  Data,  ' 
a  statistical  distribution  of  wind  velocity  and  direction  of  origin 
was  calculated.  The  hindcast  techniques  were  applied  to  these  wind 
climates  to  establish  significant  wave  height  (Hs)  and  wave  period 
(Ts) ,  giving  a  table  of  duration  in  hours  that  waves  of  Hs  and  Ts 
occur  (a  significant  wave  climate) . 

The  kayleigh  distribution  was  applied  to  give  the  true  wave 
distribution  in  several  instances  and  wave  energy  computed  to  deter¬ 
mine  the  relationship  between  significant  and  true  wave  climates. 

In  all  cases,  it  was  found  that  the  significant  wave  energy  was  approxi¬ 
mately  twice  that  calculated  for  the  true  wave  climates.  Calculations 
performed  using  Local  Climatological  Data  considered  only  the  significant 
wave  climates  noting  that  the  differences  between  that  and  the  true 
wave  climate  would  be  accounted  for  in  the  calibration  of  wave  energy 
flux  to  littoral  transport  for  Vermilion  discussed  later. 

The  wave  climate  from  the  Synoptic  Summary  of  Meteorological 
Observations^^  was  based  on  direct  observations  reported  for  the 
western  half  of  Lake  Erie.  The  wave  climate  was  compiled  by  combining 
the  wind  speed-direction  observations  to  the  windspeed-wave  height 
observations,  to  the  wave  height-wave  period  observations.  Hence,  the 
proportion  of  wind  at  a  given  speed  and  given  direction  was  related 
to  the  proportion  of  waves  of  given  height  resulting  from  the  wind 
speed  and  finally  waves  of  given  periods  were  related  to  the  wave 
heights . 

Differences  in  the  three  wave  climates  can  best  be  observed  by 
considering  the  distribution  of  waves  within  the  climate.  The  primary 
variation  between  climates  is  the  proportion  of  time  that  is  considered 
calm  (when  wind  velocity  is  less  than  four  nautical  miles  per  hour 
resulting  in  waves  with  a  wave  height  less  than  0.5  foot  and  wave 
period  less  than  one  second).  For  the  modified  Lakeview  data  (TM-37), 
calm  periods  exist  46.2  percent  of  the  total  time,  which  is  considerably 


/ 


f 


higher  than  the  13.5  percent  of  total  time  found  for  Local  Climatologi¬ 
cal  Data  (LCD),  and  the  3.4  percent  of  total  time  found  for  SSMO.  As 
both  TM-37  and  LCD  data  rely  on  hindcast  techniques  from  direct  wind 
speed  and  direction  recordings,  some  degree  of  similarity  is  to  be 
expected.  As  this  does  not  occur,  and  as  the  LCD  data  has  been  veri¬ 
fied,  a  question  arises  as  to  the  validity  of  the  TM-37  data  as  a 
typical,  average  year  representation. 

Related  to  the  proportion  of  calm  conditions  is  the  proportion  of 
time  when  waves  are  coming  from  the  onshore  directions  (west,  northwest, 
north,  northeast).  Wave  occurrences  from  these  quadrants  are  20.7  per¬ 
cent  for  TM-37,  32.6  percent  for  LCD,  and  41.0  percent  for  SSMO,  of  the 
total  time.  The  distribution  of  waves  by  direction  within  each  data 
source  shows  more  occurrence  of  waves  from  the  west  in  TM-37  and  SSMO 
and  a  greater  occurrence  of  waves  from  the  northeast  quadrant  in  LCD 
data  (1972  and  1973,  in  particular).  The  distribution  of  waves  by 


direction 

is  given  in 

Table  Al. 

WAVE 

TABLE  Al 

DISTRIBUTION 

Direction 

TM-371  (1948-1950) 

SSMO2  (1960 

-1973) 

LCD3  (1971-1976) 

of 

Percent 

,  Percent 

Percent 

Percent 

Percent 

Percent 

Wave  Origin 

Observations 

4  Total5 

Observations 

Total 

Observations 

Total 

W 

8.3 

1.7 

32.2 

13.2 

10.5 

3.4 

WNW 

15.9 

3,3 

11.2 

3.7 

NW 

13.0 

2.7 

18.8 

7.7 

11.9 

3.9 

NNW 

16.2 

5.4 

13.7 

4.5 

N 

14.9 

3.1 

19.8 

8.1 

16,5 

5.4 

NNE 

19.1 

3.9 

17.3 

5.6 

NE 

10.4 

2.1 

29.2 

12.0 

11.7 

3.8 

ENE 

2.2 

0.5 

7.2 

2.4 

TOTAL 

100.0 

20.7 

100.0 

41.0 

100.0 

32.6 

^Lakeview  Park  Study  at  Lorain,  Ohio^  (adapted  from  TM-37^11^). 

2  (Q\ 

Synoptic  Summary  of  Meteorological  Observations.  ' 

3 Local  Climatological  Data,  U.S.  Department  of  Commerce,  NOAA^1^ 
4 

Percent  of  the  number  of  waves  observed. 

^Percent  of  the  total  time. 
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2.  Refraction  and  Diffraction 

The  characteristics  of  waves  developed  in  the  various  wave  climates 
are  for  deepwater  waves;  that  is,  as  the  wave  propogates  through  the 
water  it  is  unaffected  by  the  bottom.  However,  as  the  wave  propogates 
from  deep  into  shallow  water,  it  will  begin  to  "feel"  the  bottom 
(generally  taken  to  be  at  a  water  depth  equal  to  or  less  than  half 
the  wave  iength) ,  refraction  of  the  wave  will  occur.  Refraction  is 
where  a  variation  in  the  velocity  of  a  wave  along  its  crest  occurs 
as  the  wave  crosses  underwater  contours  at  an  angle,  resulting  in  a 
proportional  variation  in  wave  length  (the  wave  period  remains  con¬ 
stant)  because  the  wave  moves  faster  in  the  deeper  water  than  it  does 
in  shallow.  If  the  wave  encounters  an  obstruction  in  its  path,  diffrac¬ 
tion  will  occur  around  the  end  of  that  obstruction  and  reflection  will 
occur  along  the  face  of  it.  As  the  shoreline  at  Vermilion  is  not 
significantly  affected  by  wave  reflection  from  the  offshore  breakwater 
or  any  other  obstruction,  it  will  be  considered  no  further.  Diffraction 
of  water  waves  is  the  lateral  transfer  of  energy  along  the  wave  crest 
and  accounts  for  the  wave  activity  in  the  lee  of  the  obstruction. 

At  Vermilion,  refraction  occurs  as  waves  are  propogated  from 
deep  water  conditions  in  Lake  Erie  towards  the  shoreline.  Because  of 
the  irregular  bottom  contours  of  the  bed,  evaluation  of  the  process  is 
quite  complex.  Wave  diffraction  is  present  at  Vermilion  when  waves 
encounter  both  the  offshore  breakwater  and  the  two  parallel  piers  that 
form  the  harbor  entrance.  When  suitable  wave  conditions  apply,  the 
range  of  beach  effe'  '  by  diffraction  can  cover  all  of  Vermilion  City 
Beach  to  the  west  and  1,200  to  1,400  feet  east  of  the  east  pier,  to 
the  east. 

To  assess  the  degree  of  wave  refraction  occurring  for  waves 

driving  on  the  Vermilion  beaches,  a  Corps  of  Engineers  computer 
(13) 

program  was  used.  The  purpose  of  the  program  was  to  a^lve  the 
governing  equations  that  describe  the  propogation  of  water  waves  and 
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to  confute  the  characteristics  of  a  wave  ray  passing  from  deep  to 
shallow  water.  The  program  used  a  finite  difference  method  to  solve 
the  differential  equations.  Input  for  the  program  was  in  two  components. 
The  first  was  to  represent  the  bathymetry  of  the  lake  bottom  and  the 
physical  features  of  the  shoreline  and  shore  structures  at  Vermilion. 

This  took  the  form  of  a  grid  with  depth  from  Low  Water  Datum  (568.6 
feet)  to  the  bottom  given  at  each  point  in  the  grid.  Provision  is  made 
in  the  program  to  change  the  water  level.  The  second  component  was 
the  wave  ray  data.  The  starting  location  on  the  grid,  initial  propogating 
azimuth,  wave  height,  wave  period,  and  initial  refraction  coefficient 
(if  the  wave  started  on  the  grid  in  shallow  water)  were  input.  Output 
revealed  the  coordinates  of  the  ray,  the  direction  of  propogation 
azimuth,  depth  of  water,  wave  length,  celerity,  refraction  coefficient, 
shoaling  coefficient,  and  wave  height  along  predetermined  points  on 
the  ray  up  until  the  wave  breaks  on  the  shoreline. 

For  the  Vermilion  study  it  was  necessary  to  bring  the  waves  from 
deep  water  on  Lake  Erie  into  the  immediate  Vermilion  area  on  a  coarse 
grid  (grid  spacing  200  feet) ,  and  then  to  transfer  the  waves  thus 
obtained  onto  a  finer  grid  (grid  spacing  100  feet),  to  obtain  the 
detail  in  refraction  required  for  the  energy  flux  analysis.  Waves 
were  originated  from  the  west,  west-northwest,  northwest,  north-northwest, 
north,  north-northeast,  northeast,  and  east-northeast  directions.  A 
range  of  wave  periods  was  chosen  to  cover  the  range  expected  on  Lake 
Erie;  thus,  3,  5,  7,  10,  and  13  second  waves  were  used.  Selection 
of  the  starting  coordinates  for  each  wave  ray  was  chosen  so  that  the 
wave  ray  would  terminate  at  a  breaking  point  near  the  stations  where 
littoral  drift  was  to  be  analyzed.  This  made  it  necessary  for  waves 
with  the  same  deepwater  characteristics  to  be  started  at  several  loca¬ 
tions  . 

The  final  product  of  the  refraction  analysis  was  values  of  the 
wave  ray  azimuth  as  it  progressed  shoreward  for  the  range  of  possible 
wave  originating  directions  and  wave  periods. 
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At  the  offshore  breakwater  and  entrance  piers,  wave  diffraction 

was  achieved  by  applying  methods  outlined  in  CERC  "Shore  Protection 
(8) 

Manual."  The  diffracted  wave  height  of  the  wave  on  the  leeward  side 
z'r.e  barrier  w.js  do  Co  mine.;  lion  tin-  .mo.lo  o  1  wave  i  ,-iv  til  ny. 

the  barrier  and  the  wave  length.  As  the  bottom  shoaled  from  the  struc¬ 
ture  to  the  shore,  a  combination  of  refraction  and  diffraction  occurred 
in  the  leo  of  the  breakwater.  This  affected  the  angle  at  which  the 
wave  ray  approached  the  beach  on  breaking  and  was  considered  during 
energy  flux  calculations. 

3.  Breaking  Height 

The  Corps'  refraction  program  had  a  facility  for  computing  the 
breaking  height  of  a  wave.  This  was  achieved  by  using  the  following 
relations  to  compute  the  wave  height  along  the  ray. 

H  *  Ho  Ks  Kr 

where  H  =  the  height  of  the  wave  of  any  point. 

Ho  =  deepwater  wave  height. 

Ks  *  shoaling  coefficient  of  the  wave  at  the  point. 

Kr  *  refraction  coefficient  of  the  wave  at  the  point. 

The  following  relation  was  used  to  compute  the  wave  height  at  breaking. 
Hb  =  0. 8d 

where  H^  *>  breaking  height  of  the  wave. 

d  ■  depth  of  water  through  which  wave  passes  at  breaking. 

At  each  point  where  the  program  performs  its  refraction  calcula¬ 
tions,  it  checks  to  see  if  the  breaking  criterion  is  satisfied. 

As  a  considerable  range  of  wave  heights  from  the  wave  climates 
exist  for  each  ray,  a  unit  height  deepwater  wave  was  originated.  The 
above  criterion  were  then  applied  for  each  wave  height  by  substituting 
the  appropriate  values. 

4.  Energy  Flux  Analysis 

Calculations  of  the  longshore  energy  flux  were  based  on  the 
following  governing  equation. 
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p  -  ^  cg  cos  % 

where  P  *  the  resultant  energy  flux  (lb  ft  sec  ^  ft  ^)  . 

_3 

p  *  density  of  water  (1.94  slug  ft  ) . 

_2 

g  *  acceleration  due  to  gravity  (32.17  ft  sec  ). 

Hb  *  breaking  wave  height  (ft) 

Cg  *  group  wave  celerity  (ft  sec  ^)  . 

ctb  *=  the  angle  between  wave  azimuth  and  normal  to  the 
shoreline  tangent  (degrees). 

Resolving  into  components 
pls  *  p  sin  «b 

-  ff  “2  ce  2»b 

pOg  “  P  cos  Otb 

=  ^  nj  Cg  cos2  ab 

where  P^s  *=  longshore  component  of  energy  flux 
PGs  =  onshore  component  of  energy  flux 

CERC  "Shore  Protection  Manual"^  states  that  for  shallow  water,  the 
group  celerity  of  waves,  Cg,  approximates  the  wave  celerity,  C,  and 
that  this  wave  celerity  can  be  given  by: 

c  *  v'gcT 

where  d  =  depth  of  water  at  wave  breaking 
It  has  been  previously  established  that  the  breaking  height  of  the 
wave  approximates  0.8  times  the  depth  at  breaking,  hence: 

Cg  =  /l. 25gHb 

Substituting  the  values  of  Cg,  p,  and  g  into  the  equation  for  the 
longshore  conponent  of  energy  flux  yields: 

P^s  =  24.735  sin  2ab 

The  total  longshore  component  of  energy  flux  is  finally  computed  by 
multiplying  P^s  by  the  duration  that  waves  of  that  unique  period  and 
height  occur.  Calculation  of  the  energy  fluxes  are  shown  in  the  follow¬ 
ing  example . 
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Consider  the  energy  flux  at  Station  5  with  a  shoreline  orienta¬ 
tion  of  118  degrees  (azimuth  of  shoreline)  and  for  waves  originating 
from  the  northwest  direction.  From  the  data  of  TM-37^^  the  following 
wave  climate  applies  (Table  A2).  The  longshore  energy  flux  computations 
for  this  northwest  direction  are  shown  in  Table  A3. 

TABLE  A 2 

WAVE  CLIMATE  FOR  NORTHWEST  WAVES 
(Data  Source  TM-37  -  1948-1950) 


5. 


Wave  Period 

(sec) 

Wave  Height  (ft) 

1.5 

2.5 

3.5 

4.5 

0.75 

581 

144 

25 

1.5 

19 

150 

150 

2.5 

13 

113 

1 

3.5 

3 

26 

4 

4.5 

4 

5.5 

2 

12 

"^Duration  of  waves  in 

hours . 

Calibration  of  Energy 

Flux  to 

Longshore  Transport 

On  any  beach,  the  longshore  transport  of  littoral  material  is 
governed  by  the  equation: 


k  P 


Is 


(1  -  p)(ps  -  pw)g 


where 


3  -1 

Q  =  the  volume  of  longshore  transport  (yd  yr  ) 


Is 


longshore  energy  flux  (lb-ft  sec  ^  ft  ^) 


p  ■  porosity  of  sand  in  place  (generally  0.4) 


-3) 

for  freshwater) 


ps  *  sediment  density  (generally  2.65  x  1.94  slug  ft  "') 

-3 

pw  «  water  density  (generally  1.94  slug  ft 
k  ■  dimensionless  constant 

_2 

g  «  acceleration  due  to  gravity  (32.17  ft  sec  ) 
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TABLE  A3 


CALCULATION  OF  LONGSHORE  ENERGY  FLUX  (NORTHWEST  DIRECTION) 


HX> 

-  0 

„2> 

“b 

T3) 

t4) 

Wave  Ray 
Azimuth^ 

6) 

“b 

P7) 

Is 

*«> 

Pls  x  t  x  10° 

(ft) 

(ft) 

(sec) 

(hours) 

(degrees) 

(degrees) 

(lb-f t/ ft-sec) 

(lb-ft/ft-3  yrs) 

0.75 

0.83 

1.3 

58 

332 

56 

14.4 

3.00 

— 

1.03 

2.5 

144 

342 

46 

26.6 

13.97 

1.21 

3.5 

25 

352 

36 

37.9 

3.41 

1.5 

1.43 

1.5 

19 

331 

57 

52.3 

3.78 

— 

1.80 

2.5 

150 

340 

48 

106.9 

57.74 

2.07 

3.5 

150 

350 

38 

147.9 

79.87 

2.5 

2.65 

2.5 

13 

338 

50 

278.5 

13.03 

3.05 

3.5 

113 

344 

44 

40.6 

163.37 

3.43 

4.5 

1 

350 

38 

522.9 

1.88 

3.5 

3.43 

2.5 

3 

334 

54 

512.6 

5.54 

' — 

3.96 

3.5 

26 

338 

50 

760.2 

71.15 

4.45 

4.5 

4 

341 

47 

1,030.7 

14.84 

4.5 

4.86 

3.5 

4 

333 

55 

1,210.3 

17.43 

5.5 

5.00 

2.5 

2 

327 

61 

1,172.6 

8.44 

5.67 

3.5 

12 

330 

58 

1,701.9 

73.52 

Total  longshore  energv  flux  for  3  yrs 


Total  longshore  energy  flux  per  second 


531.  6  x  10 


5.61 


J)  lb- ft 
ft-sec 


1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 
9) 


H0  -  deepwater  wave  height. 

Hb  “  breaking  wave  height. 

T  ■  wave  period. 

t  ■  duration  (occurrence)  of  wave  in  three  years. 

Wave  ray  azimuth  is  the  angle  measured  clockwise  from  north  of  the  wave  ray  at  breaking, 
ctb  “  angle  between  wave  ray  azimuth  and  the  normal  to  the  shoreline  tangent. 

Longshore  energy  flux  per  second  released  on  the  beach. 

Longshore  energy  flux  per  three  years  released  on  the  beach  »  P^s  x  t  x  3,600(-^y-) 

The  total  for  three  years  divided  by  the  number  of  seconds  in  three  years. 
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These  constants  are  grouped  together  and  termed  8.  Hence: 

Q(yd3  yr  1)  “  8  Pls(lb-f t-sec  1  ft  1) 

Values  proposed  for  8  range  from  7,500  for  a  general  empirical 
relationship  given  by  CERC^  to  2,430  proposed  by  Jarrett^^  in  his 

/AN 

study  of  the  North  Carolina  coast  to  a  value  of  883  proposed  by  CRRC'  ' 
for  portions  of  the  northeast  coast.  The  general  empirical  relation¬ 
ship  of  CERC  developed  from  laboratory  and  field  observations  in 
which  characteristic  sediment  transport  rates  were  actually  measured. 

The  studies  were  for  open  coastal  regions  where  a  semi -infinite  supply 
of  moveable  beach  material  was  available.  At  Vermilion,  such  boundary 
conditions  are  known  not  to  exist  as  the  beaches  at  Vermilion  are 
partially  protected  and  the  amount  of  sand  is  limited.  However,  the 
relative  distribution  of  the  longshore  energy  flux  is  believed  to  be 
representative  and  proportional  to  the  actual  field  conditions.  There¬ 
fore  ,  it  was  assumed  that  the  same  type  of  relationship  as  that  given 
above  exists  at  Vermilion  and  hence  it  was  necessary  to  calibrate  the 
longshore  energy  flux  to  the  longshore  transport;  in  effect,  to 
determine  a  value  of  6  for  Vermilion. 

The  calibration,  or  correlation  procedure  involved  the  establish¬ 
ment  of  cells,  or  reaches,  along  the  beach.  These  cells  were  estab¬ 
lished  between  each  of  the  stations  where  the  energy  flux  was  computed, 
and  between  the  entrance  piers  and  the  adjacent  station  where  applicable. 
Hence,  eight  cells  were  established  where  the  inflow-outflow  conditions 
of  beach  material  were  known.  The  volume  change  of  beach  material 
within  each  cell  was  known  from  the  volumetric  analysis  (see  Section  III) 
anc  for  equilibrium  to  exist  within  the  cell,  the  difference  between 
the  total  material  inflow  and  total  material  outflow  must  balance  the 
volume  change . 

The  components  of  inf lew-outflow  within  the  cells  are  onshore- 
offshore  transport  (assumed  to  be  negligible  at  Vermilion),  input  by 
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bluff  erosion  (already  considered  in  this  analysis  by  longshore  trans¬ 
port),  dredging  and  replenishment  (dredging  only  applicable  for  1974  and 
1975)  and  net  longshore  transport  into  the  cell. 

Hence,  between  any  two  stations  at  Vermilion,  say  A  and  B,  the 
following  balance  applies  for  equilibrium  to  exist: 

.Volume 


Change 


-  Dredged^  +  6  ?l8 


+  B  P 


Is. 


AB 


where  P 


Is , 


Is 


A  B 

the  net  longshore  energy  flux  at  station  A. 
the  net  longshore  energy  flux  at  station  B. 


+  *  a  gain  of  material  to  the  cell. 

”  a  loss  of  material  to  the  cell. 

With  the  volume  change  and  material  dredged  determined  for  the  cell  ana 

P.  ,  P  computed,  it  is  possible  to  determine  the  value  of  B  for  that 
isA  1SB 

cell.  For  Vermilion,  the  average  value  for  6  was  found  to  be  1,940. 
Hence,  the  longshore  transport,  energy  flux  relation  for  Vermilion 
becomes : 

Q(yd3  yr'1)  -  1,940  P  (lb-f t-sec'1  ft'1) 


6.  Shoreline  Equilibrium 

To  predict  future  change  in  beach  orientation,  the  angle  of 
equilibrium  at  the  stations  where  longshore  energy  flux  was  computed 
was  determined.  This  analysis  considered  the  beach  shoreline  to  be  in 
equilibrium  when  the  total  net  longshore  energy  flux  at  a  station 
and  equal  to  zero.  Such  a  condition  occurs  when  the  resultant  of  the 
longshore  energy  flux  and  onshore  energy  flux  was  perpendicular  in 
vector  direction  to  the  tangent  of  the  shoreline  at  that  point. 

For  the  analysis,  the  total  resultant  (the  vector  sum  of  the  in¬ 
dividual  resultants  for  all  waves  breaking  at  the  station)  was  computed 
and  the  azimuth  of  this  resultant  determined.  The  perpendicular  to 
this  azimuth  is  the  angle  of  shoreline  equilibrium. 
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PART  I  -  GENERAL 


Introduction  and  Purpose 


1.  This  is  a  report  on  the  artificial  sand  transport  field  demonstration 
that  the  U.  S.  Army  Engineer  District,  Buffalo,  performed  during  the  month  of 
May  1979  in  Vermilion,  OH.  There  were  two  objectives  of  this  demonstration 
program.  The  first  was  to  determine  if  the  artificial  transport  of  sand 
would  be  a  viable  alternative  for  mitigation  as  suggested  in  the  Vermilion 
Harbor,  OH,  Preliminary  Section  111  Report  (Note  Alternative  2  of  the 
Preliminary  Section  111  Report  Syllabus,  Inclosure  1),  dated  May  1978.  The 
second  was  to  determine  if  utilization  of  a  hydraulic  dredge  produced  and 
distributed  by  "Mud  Cat"  Division,  National  Car  Rental  Services,  Inc.,  or 
similar  equipment,  could  feasibly  dredge  and  transport  sand  at  Vermilion,  OH, 
and  other  Federal  recreational  harbors. 

2.  This  demonstration  project  took  place  in  Vermilion,  OH,  which  is  located 
on  the  south  shore  of  Lake  Erie,  at  the  mouth  of  the  Vermilion  River, 
approximately  37  miles  west  of  Cleveland,  OH  (Plate  1).  The  major  harbor 
elements,  shown  on  Plate  1,  include  east  and  west  approach  channels  leading 
from  the  lake,  the  lower  3,600  feet  of  the  Vermilion  River,  and  four  artifi¬ 
cial  lagoons.  Channel  protection  is  provided  by  parallel  piers  and  a 
detached  offshore  breakwater  (Photo  No.  1,  Appendix  A). 

Project  History  and  Public  Involvement 


3.  The  Vermilion  Harbor  project  is  a  Federally  constructed  harbor  for 
recreational  and  commercial  fishing  craft.  The  latest  Federal  improvements 
to  the  harbor  were  completed  in  December  1973,  and  consisted  of  channel 
widening  and  deepening  and  construction  of  the  864-foot  detached  breakwater 
approximately  300  feet  offshore.  Subsequent  to  this  latest  construction, 
there  have  been  repeated  complaints  that  the  breakwater  is  causing  signifi¬ 
cant  shoreline  changes  and  serious  environmental,  health,  flooding,  and 
recreational  problems  in  the  adjoining  updrift  area.  By  letters  dated 

31  July  1974  and  13  December  1974,  William  B.  Nye,  former  Director  of  Ohio 
Department  of  Natural  Resources,  officially  requested  that  the  Corps  investi¬ 
gate  the  severity  of  the  erosion  problem  (shoreline  changes)  created  by  the 
detached  breakwater  under  the  authority  of  Section  111  of  Public  Law  90-483. 
The  partially  completed  investigations  concerning  the  other  impacts  are  pre¬ 
sented  in  a  separate  report  entitled  "Study  of  the  Impacts  of  the  Offshore 
Breakwater...",  1  April  1978. 

4.  The  Buffalo  District  initiated  a  preliminary  study  of  the  alleged  ero¬ 
sion  problem  In  1975.  Stage  1  of  the  Section  111  study  specifically 
addressed  the  effect  of  the  Vermilion  Harbor  navigation  works  on  the 
shoreline  processes.  In  the  Buffalo  District's  "Preliminary  Report  on 
Section  111  Study  of  Vermilion  Harbor,  OH,  dated  21  January  1976,  it  was 
recommended  that  no  action  be  taken  at  that  time  to  prevent  or  mitigate  shore 
damages  since  it  could  not  be  determined  whether  the  recent  shoreline  change 
was  caused  by  high  lake  levels  or  the  detached  breakwater;  and  a  5-year  beach 

monitoring  program  be  accomplished  prior  to  initiation  of  further  detailed 
studies.  Subsequent  to  completion  of  the  Preliminary  Report,  further 
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evaluation  led  to  the  conclusion  that  the  5-year  monitoring  program  would 
only  Identify  short-term  shoreline  changes  and  because  of  very  little  base¬ 
line  (prebreakwater  construction)  data,  any  conclusions  drawn  from  the  moni¬ 
toring  program  would  not  be  highly  reliable.  For  these  reasons,  the  Buffalo 
District  monitoring  program  was  terminated  and  in  early  1977,  it  was  recom¬ 
mended  that  there  be  a  detailed  study  performed  under  the  Section  111 
authority. 

5.  A  preliminary  (Stage  2)  Section  111  Report  was  completed  in  August  1978. 
This  report  concluded  that  the  Federally  constructed  breakwater  at  Vermilion 
had  caused  a  reorientation  In  the  shoreline  east  of  the  harbor  (Plate  2). 

This  reorientation  resulted  In  accretion  of  the  beach  at  Lagoons  Beach  (see 
Photo  No.  1,  Appendix  A),  and  loss  of  beach  at  Linwood  Beach  (see  Photo 

No.  2,  Appendix  A).  A  series  of  preliminary  alternatives  to  mitigate  the 
loss  of  beach  at  Linwood  were  evaluated,  Including  the  artificial  transport 
of  sand  from  Lagoons  Beach  to  Linwood  Beach. 

6.  On  31  August  1978,  the  Corps  held  a  public  meeting  in  Vermilion  to  pre¬ 
sent  to  the  people  of  Vermilion  a  range  of  possible  alternatives  for  liti¬ 
gating  shoreline  damages  under  the  Section  111  authority  and  to  obtain  the 
views  of  officials  and  the  general  public  concerning  these  alternatives. 
Inclosure  1  is  a  copy  of  the  information  packet  for  that  meeting.  A  second 
meeting  was  held  in  Vermilion  on  11  October  1978  with  the  Mayor  of  Vermilion, 
City  Council  members,  representatives  of  local  private  organizations,  and 
ODNR  to  discuss  Section  14  and  111  Studies  (Inclosure  2).  Subsequent  to  the 
11  October  1978  meeting,  the  Buffalo  District  concluded  the  only  viable 
alternatives  for  mitigation  under  Section  111  would  be:  (a)  artificial 
transport  of  sand  from  Lagoons  Beach  to  Linwood  Beach  (Alternative  2);  and 
(b)  beach  replenishment  from  an  external  source  (Alternative  4).  The  Buffalo 
District  also  concluded  that  an  artificial  sand  pumping  field  demonstration 
be  undertaken  in  the  spring  of  1979  to  determine  the  feasibility  of  this 
alternative. 

7.  Initial  contacts  by  telephone  were  made  with  Mr.  Calvin  C.  Blackman  and 
Mr.  James  McClimans,  Vermilion  Lagoons,  Inc.,  Trustees,  in  October  and 
November  1978  to  Inform  them  of  our  proposed  demonstration  project  and  to 
seek  approval  to  perform  this  demonstration.  By  letter  dated  5  December  1978 
(Inclosure  3),  a  brief  description  of  the  demonstration  project  was  forwarded 
to  Mr.  Blackman  at  his  request.  As  stated  in  this  letter,  the  Buffalo 
District  originally  planned  to  utilize  a  truck-mounted  sand  pump,  operated  by 
the  Detroit  District.  However,  in  January  1979,  after  consulting  with  the 
Detroit  District  and  concluding  that  their  sand  pump  would  not  be  available, 
the  Buffalo  District  then  decided  to  use  the  "Mud  Cat"  for  this  demonstra¬ 
tion. 


8.  Approval  from  the  Vermilion  Lagoons,  Inc.  (owners  of  Lagoons  Beach)  was 
granted  by  letter  dated  15  March  1979  (Inclosure  4),  with  the  limitation  that 
the  project  be  completed  before  21  May  1979.  With  this  approval,  the  Buffalo 
District  prepared  a  Section  404  Public  Notice  and  Environmental  Assessment 
(EA)  and  distributed  it  to  the  public  on  26  March  1979,  outlining  the  demon¬ 
stration  project  as  shown  on  the  plates  in  Inclosures  5  and  6.  The  Buffalo 
District  held  a  Public  Hearing  concerning  the  EA  and  Section  404  on 


10  April  1979  (IncLosure  7)  in  Vermilion  and  determined  that  there  was  no 
local  opposition  to  this  demonstration  project.  By  letter  dated  25  April 
1979,  the  State  of  Ohio  Environmental  Protection  Agency  granted  a  Section  401 
Water  Quality  Certificate  (Inclosure  8),  thereby  completing  the  necessary 
requirements  to  perform  the  demonstration. 

Demonstration  Contracts  and  Funding 

9.  Funding  for  the  Demonstration  Project  was  requested  under  0&M  Regular 
Appropriations  and  granted  in  early  February  1979.  Sixty  thousand  dollars  of 
0&M  funds  were  budgeted  within  the  existing  Vermilion  Harbor  Operations  & 
Maintenance  program  for  the  operation  and  monitoring  of  the  demonstration. 

An  Invitation  for  Bid"  (IFB)  for  the  equipment  rental  was  issued  2  April 
1979  (Inclosure  9),  and  bids  were  opened  on  19  April  1979.  The  Buffalo 
District  awarded  the  various  contracts,  obtained  required  leases  for  rights 
of  entry,  and  scheduled  the  project  to  begin  30  April  1979. 


PART  II  -  DEMONSTRATION  PROGRAM  OUTLINE 


Project  Plan 


10.  As  originally  planned,  this  project  entailed  the  dredging  of  approxi¬ 
mately  15,000  cubic  yards  of  sand  from  Area  A  at  Lagoons  Beach  (Photos  No. 

2,  3,  and  4),  and  depositing  it  along  the  Linwood  Beach  (Photo  No.  5)  at  Area 
B,  as  shown  on  Plate  3.  The  amount  was  selected  for  the  following  reasons: 
(a)  an  estimated  15,000  cubic  yards  of  sand  deposited  at  Linwood  Beach  would 
provide  the  Linwood  Park  residents  a  suitable  beach  for  the  summer  while 
having  a  minimal  adverse  impact  upon  the  Lagoons  Beach;  and  (b)  due  to  the 
initially  perceived  time  constraints  (approximately  1  month  to  perform  the 
work),  no  more  than  15,000  cubic  yards  could  be  pumped,  even  with  excellent 
working  conditions,  and  that  this  amount  would  be  a  sufficient  amount  of  sand 
to  monitor  its  movement  downdrift  back  to  Lagoons  Beach. 

11.  The  preliminary  layout  of  the  borrow  area  (Plate  3)  was  based  on  surveys 
taken  in  August  1977,  October  1977,  and  August  1978  (Inclosures  11,  12,  and 
13).  Sand  was  to  be  pumped  from  the  primary  borrow  source  in  the  lake  adja¬ 
cent  to  the  east  pier  at  Lagoons  Beach  to  Area  B  at  Linwood  Beach.  Also, 
sand  from  Lagoons  Beach  was  to  be  pushed  by  conventional  earthmoving  equip¬ 
ment  into  the  primary  borrow  area  to  minimize  shoreline  recession  at  Lagoons 
Beach.  Earthmoving  equipment  would  also  be  used  to  spread  the  pumped  sand 
along  Linwood  Beach  to  create  a  natural  beach  appearance. 

Survey  and  Sediment  Data 

12.  Prior  to  the  actual  demonstration  operation,  the  Corps  of  Engineers  made 
an  additional  survey  (Inclosure  14),  and  sampled  the  bottom  materials 
(Inclosure  10),  in  the  vicinity  of  the  proposed  borrow  source.  This  was  to 
insure  that  the  material  to  be  pumped  would  be  acceptable  for  beach  replen¬ 
ishment  and  of  sufficient  volume  to  make  the  demonstration  worthwhile.  The 
bottom  sampling,  on  10  and  11  April  1979,  indicated  that  there  was  much  less 
suitable  sand  in  the  proposed  borrow  area  than  anticipated.  Relatively 
clean,  fine  sand  extends  only  100  to  150  feet  offshore  along  the  east  pier 
and  gets  progressively  narrower  easterly  of  the  pier.  The  northeasterly 
third  of  the  proposed  primary  borrow  source  is  predominately  silts  and  clays 
and  not  a  suitable  source  for  beach  replenishment.  On  the  basis  of  this 
information,  the  final  limits  of  the  primary  and  secondary  borrow  areas  were 
established  as  shown  on  Plate  4. 

Project  Monitoring  Program 

13.  The  District  established  the  following  monitoring  program  in  order  to 
evaluate  the  efficiency  and  effectiveness  (production  wise)  of  the  demon¬ 
stration  project  and  the  feasibility  of  future  sand  pumping  projects. 
Soundings  were  taken  three  times  during  the  spring  and  summer  of  1979  to 
determine  the  amount  of  material  removed  from  Area  A  (Lagoons  Beach)  and 
pumped  to  Area  B  (Linwood  Beach)  and  to  determine  the  rate  at  which  the  sand 
would  return  to  Area  A  (Lagoons  Beach). 


14.  A  Predemonstration  survey  was  done  in  April  1979  (Inclosure  14)  and  a 
post-demonstration  survey  in  June  1979  (Inclosure  15)  to  determine  the  quan¬ 
tity  of  sand  deposited  on  Linwood  Beach.  (See  paragraph  25.)  A  third  sur¬ 
vey  was  done  in  August  1979  to  help  evaluate  recirculation  of  sand  back  to 
the  borrow  area  (Inclosure  16). 


PART  III  -  DEMONSTRATION  PROJECT 


Equipment 

15.  The  District  Office  rented  two  pieces  of  earthmovlng  equipment  and  a  Mud 
Cat  to  perform  this  demonstration  project.  A  John  Deere  450-C  dozer  was 
delivered  to  the  site  on  4  May  1979  to  work  In  either  Area  A  pushing  sand 
Into  the  primary  borrow  area  and  for  grading  the  beach;  or  at  Area  B, 
building  out  the  beach  at  the  fill  site.  A  John  Deere  644-B  3-cubic  yard 
front-end  loader  was  delivered  to  the  site  on  2  May  1979  to  help  lay  out 
discharge  pipe  along  the  beach  (see  Photos  No.  9  and  10,  Appendix  A),  and 
work  In  Areas  A  or  B  as  required. 

16.  The  Mud  Cat  accessory  equipment  package  AEP-1F  (Inclosure  9, 
attachment  1),  was  delivered  directly  from  the  factory  by  enclosed  tractor- 
trailer  and  arrived  on  site  on  30  April  1979.  This  package  included  the 
discharge  pipe  and  accessories.  The  Mud  Cat  (see  items  AEP-1F1,  2,  4,  and  6 
of  Inclosure  9,  attachment  1)  was  delivered  to  the  site  on  5  May  1979  by 
flatbed  trailer.  The  District  rented  the  boat  lift  at  the  Vermilion  Power 
Boat,  Inc.  marina  to  lift  and  place  the  dredge  In  the  water  (see  Photos  No. 

6  and  7).  A  tender  from  Dredge  LYMAN  was  used  to  position  the  Mud  Cat  at  the 
borrow  site. 

17.  A  Mud  Cat  is  a  self-contained,  floatable  hydraulic  pipeline  dredge. 
Forward  and  backward  movement  is  provided  by  a  deck-mounted  winch  and  is 
capable  of  providing  a  9-foot  wide  cut  to  a  depth  of  15  feet  (Photos  No.  18 
and  19).  The  Mud  Cat  equipment  was  used  to  hydraulically  dredge  and  pump 
sand  from  Lagoons  primary  borrow  source  to  Linwood  Beach.  To  accomplish 
this,  approximately  2,500  feet  of  discharge  line  was  assembled. 

Preparation  and  Setup 

18.  During  the  first  10  days  (30  April  to  9  May  1979)  at  the  site,  field 
personnel  removed  debris  and  pushed  sand  into  the  primary  borrow  area  at 
Lagoons  Beach  (Photo  No.  8)  and  set  up  the  8-  and  6-inch  discharge  pipes  for 
the  dredging  operation.  Debris  cleanup  was  done  to  remove  debris  which  could 
damage  the  Mud  Cat.  Debris  cleared  consisted  primarily  of  wood  material 
ranging  In  size  from  25  feet  long  and  30  inches  in  diameter  to  smaller 
branches  and  miscellaneous  washup  material.  The  debris  was  temporarily 
stored  and  eventually  trucked  away  to  a  local  upland  disposal  site  by  the 
Lagoons  Beach  Association. 

19.  Four  20-foot  sections  of  8-Inch  diameter  steel  flanged  discharge  pipe 
were  assembled  at  the  stockpile  at  Lagoons  Beach  House  (Photos  No.  9,  12,  and 
13).  Once  a  section  was  done,  it  was  dragged  to  the  shoreline  for  final 
assembly  to  another  80-foot  section  with  the  front-end  loader.  Just  prior  to 
placing  the  80-foot  sections  in  the  water,  two  floatation  pipes  were  attached 
to  each  of  the  20-foot  steel  pipes  with  three  equally  spaced  steel  bands. 
These  4-inch  diameter  plastic  float  pipes,  each  20  feet  long,  were  capped  at 
each  end  to  prevent  the  8-inch  discharge  line  from  sinking  (Photo  No.  14). 
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20.  Several  of  these  8-inch  pipe  assemblies  were  connected  together  by 
6-foot  lengths  of  rubber  flex  pipe  to  compensate  for  movement  of  the  dredge 
as  it  made  each  cut  (Photo  No.  15).  This  process  continued  until  approxi¬ 
mately  200  feet  of  8-inch  pipe  was  in  place. 

21.  The  remainder  of  the  discharge  line,  approximately  2,300  feet,  was  made 
up  of  8-inch  diameter  plastic  pipe  extending  to  Linwood  Beach.  Each  19-foot 
section  of  the  pipe  was  connected  by  a  bell  and  spigot  with  a  snap  lock  ring 
band  and  was  left  on  the  beach  during  dredging  operations.  The  front-end 
loader  was  used  to  transport  six  pieces  of  pipe  at  one  time  towards  Linwood 
Beach  (Photos  No.  10  and  11).  This  process  continued  until  the  required 
length  of  pipe  was  in  place.  Once  in  the  place,  the  Mud  Cat  was  positioned 
at  the  primary  borrow  source  area  and  on  10  May  1979,  the  pumping  was  ready 
to  begin. 

Anchor  System  and  Operation 


22.  Once  the  Mud  Cat  dredge  was  in  position  within  the  primary  borrow  area, 
the  cables  from  the  self-contained  winching  system  were  anchored  to  the  light 
standard  on  east  pier  serving  as  a  fixed  pivot  point;  and  a  5-ton  stone  from 
the  east  pier  positioned  on  the  beach  to  serve  as  a  land  anchor  (Photos  No. 

16  and  17).  The  dredge  was  positioned  at  the  light  standard  as  a  starting 
point  and  would  pull  itself  toward  the  land  anchor.  Once  a  cut  was  com¬ 
pleted,  a  laborer  would  slacken  the  cable,  then  the  dozer  would  reposition 
the  land  anchor  and  then  tighten  up  the  cables  for  the  next  cut  (Photos  No. 

18  and  19).  Limits  of  the  borrow  area  were  100  to  150  feet  offshore  of  the 
shoreline  with  a  width  tapering  east  away  from  the  jetty  (Plate  4).  However, 
after  the  first  couple  of  days,  it  became  apparent  that  underwater  debris, 
i.e.,  trees,  rocks,  and  other  unsuitable  material,  would  plug  and  snarl  the 
cutting  head  of  the  Mud  Cat.  Thus,  the  Mud  Cat  had  to  be  repositioned  to 
pump  sand  from  the  secondary  borrow  source  area  at  the  shoreline  where  the 
presence  of  debris  could  be  observed  and  corrected  before  dredging. 

23.  At  the  discharge  end  (Linwood  Beach),  three  20-foot  sections  of  pipe 

with  perferations  approximately  1-1/2  inches  in  diameter  were  attached  to  the 
6-inch  diameter  pipe  line  so  that  the  sand  discharged  would  fan  out  along  a 
wider  reach,  rather  than  depositing  sand  in  one  centralized  area  (Photos  No. 
20,  21,  22  and  23).  Evidence  of  sand  buildup  is  seen  at  the  concrete  block 

located  on  the  shoreline  (Photo  No.  15,  noted  with  an  arrow).  The  block 

shown  in  Photo  No.  23  appears  to  be  out  of  the  water,  thus  indicating  sand 

buildup  on  the  beach.  After  the  first  day  of  pumping,  the  perforated  pipes 

were  disconnected  and  an  open-end  pipe  discharge  was  used  for  the  remainder 
of  che  job,  because  gravel  tended  to  clog  the  perforations. 

Labor  Force 


24.  The  labor  force  involved  in  performing  the  demonstration  was  as 
follows: 

Number  Classification  Tasks 


1 


Superintendent 


-  overall  supervision 


Number 


Classification 


Tasks 


2  Laborers  -  setting  up  equipment  -  repairs  to 

pipeline  -  cleanup  -  etc. 

4  Operators  ~  Mud  Cat,  earthmoving  equipment,  and 

launch 

Also  present  part  time: 


Laborer 


-  setting  up  equipment 


Representatives  from 
Mud  Cat 


helped  in  setting  up  Mud  Cat  and 
provided  instruction  in  operating 


Sand  Pumping  Performance 


25.  Pumping  operations  continued  up  to  and  including  19  May  1979,  totaling 
9  days.  Disassembly  of  pipes  and  cleanup  operation  continued  until  23  May 
1979.  Field  estimates  show  that  approximately  3,200  cubic  yards  of  sand 
were  pumped.  A  more  detailed  calculation  of  2,500  cubic  yards  was  obtained 
by  comparing  plotted  sounding  elevations  of  pre-  and  post-demonstration 
sounding  surveys. 


PART  IV  -  EVALUATION  OF  THE  VERMILION  SAND  PUMPING 
DEMONSTRATION  PROGRAM 


26.  Considerable  knowledge  was  gained  with  respect  to  artificially  trans¬ 
ferring  sand  with  the  use  of  hydraulic  dredging  equipment.  Delays  were 
encountered  because  of  late  delivery  of  the  Mud  Cat  on  5  May  1979,  and  Mud 
Cat  representatives  did  not  arrive  until  8  May  1979.  This  prevented  dredging 
operations  from  beginning  immediately.  An  additional  day  was  spent  in 
setting  up  the  Mud  Cat  and  receiving  instructions  on  operating  the  Mud  Cat. 

On  10  May  1979,  dredging  and  pumping  operations  commenced.  These  operations 
ceased  on  19  May  1979  in  order  to  comply  with  the  21  May  1979  completion  date 
specified  by  Vermilion  Lagoons,  Inc.,  providing  only  9  days  of  pumping. 

Comparison  of  Performance  and  Costs  with  Goals 


27.  As  stated  in  paragraph  10,  the  goal  of  this  demonstration  program  was  to 
pump  approximately  15,000  cubic  yards  of  beach  material  from  the  area  of 
accretion  at  Lagoons  Beach  updrift  to  the  area  of  erosion  at  Linwood  Beach,  a 
total  distance  of  about  2,800  feet  to  3,000  feet.  Estimated  unit  cost  for 
obtaining  the  15,000  cubic  yard  goal  was  $4.00  per  cubic  yard.  In 
establishing  this  goal,  it  was  assumed  that  approximately  1  month  (say  20 
workdays)  would  be  provided  for  the  actual  pumping  of  sand  from  source  to 
area  of  deposition.  In  actuality,  a  total  of  only  2,500  cubic  yards  of  beach 
material  were  pumped  during  9  days  of  pumping  operations. 

28.  Based  on  before-  and  after-project  surveys,  it  is  estimated  that 
approximately  2,500  cubic  yards  of  beach  material  was  pumped  from  Lagoons  to 
Linwood  Beach,  or  about  17  percent  of  the  goal  of  15,000  cubic  yards.  The 
actual  total  cost  of  the  demonstration  program  was  $41,000,  producing  a  unit 
cost  of  $16.40  per  cubic  yard.  Circumstances  that  contributed  to  the  poor 
performance  and  high  unit  cost  of  the  demonstration  program  include: 

a.  About  a  1-week  delay  in  obtaining  necessary  rights  of  entry  and  tem¬ 
porary  easements. 

b.  Longer  than  expected  time  to  complete  contracting  procedures. 

c.  Few  days  delay  in  shipping  Mud  Cat  equipment  because  of  Teamsters' 
strike. 

d.  More  time  required  to  mobilize  than  estimated. 

e.  Inefficiency  in  sand  pumping  production  because  of  long  pumping 
distance  for  relatively  large  size  of  beach  material  pumped. 

f.  Lost  production  time  due  to  rough  seas  and  minor  repairs  during  the 
demonstration. 
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As  discussed  below,  improvements  in  some  of  these  problem  areas  would 
undoubtedly  improve  the  performance  significantly. 

Suggested  Modification  of  the  Demonstration  Program  to  Improve  Performance 

29.  With  some  modification  to  the  procedure  and  equipment,  the  Mud  Cat 
dredging  operation  could  be  made  more  efficient.  A  screening  mechanism  could 
be  used  to  prevent  debris  from  entering  the  impellers  and  cutting  heads  and 
clogging  the  Mud  Cat  and  pipeline  to  cause  loss  of  production  time.  During 
the  demonstration,  a  tire  and  wheel  were  lodged  in  the  cutter  head  and  had  to 
be  hacksawed  out. 

30.  A  6-foot  section  of  rubber  flex  pipe  separated  at  the  steel  flange 
joints  (see  Photo  No.  15).  To  correct  this,  holes  were  drilled  through  the 
rubber  flex  pipe  and  steel  flangej,  then  the  flanges  were  bolted.  This  modi¬ 
fication  was  performed  in  the  field  and  required  a  considerable  amount  of 
time.  If  this  were  done  at  the  factory  prior  to  delivery,  the  production 
time  lost  in  the  field  because  of  this  problem  could  have  been  eliminated. 

31.  The  distance  the  Mud  Cat  had  to  pump  material  was  too  great  for  the  type 
of  material  pumped.  For  medium  sand  with  gravel  which  was  encountered  at  the 
project  site,  the  maximum  feasible  pumping  distance  would  be  about  1,500 
feet.  For  silts,  3,000  feet  would  probably  be  the  maximum  distance.  Since 
medium  sand  with  gravel  was  pumped  approximately  3,000  feet  under  a  10-foot 
head,  the  pump  could  not  deliver  sand  with  sufficient  velocity  at  the 
discharge  end.  This  caused  the  sand  to  settle  in  the  pipe,  accumulate,  and 
after  a  short  period  of  time,  restrict  flow  completely.  To  correct  this,  a 
15-minute  dredge,  15-minute  pump  clear  water  cycle  was  used,  cutting  produc¬ 
tion  time  in  half.  A  booster  pump  situated  approximately  half-way  along  the 
discharge  pipe  would  increase  sand  velocities  and  thereby  increase 
production.  This  would  be  extremely  important  if  time  is  the  controlling 
factor,  as  it  was  in  the  demonstration. 

32.  It  took  considerable  manpower  to  unload,  assemble,  disassemble,  and 
reload  the  pipe.  Additional  laborers  in  conjunction  with  better  means  of 
transporting  the  pipe  to  assembly  points  are  recommended. 

33.  Additional  equipment  needed  that  was  not  procured  for  the  demonstration: 

a.  Some  form  of  shelter  in  case  of  a  sudden  change  of  weather,  espe¬ 
cially  at  the  Linwood  Beach  area. 

b.  Sanitary  facilities  on  or  near  site. 

c.  Small  truck  or  pickup  to  carry  miscellaneous  equipment  and  carry  out 
various  duties.  The  one  power  wagon  procured  was  defective  and  generally 
useless. 

d.  Set  of  tools  either  owned  by  COE  or  the  Contractor. 


Comparison  of  Costs 


34.  Estimated  vs.  Actual  Costs  for  the  Demonstration  Program.  Prior  to  ini¬ 
tiating  the  demonstration  program,  a  detailed  estimate  of  equipment  rental 
and  manpower  costs  was  prepared.  Based  on  rental  of  the  equipment  for 

28  days,  which  would  have  provided  for  20  days  of  actual  pumping,  it  was 
estimated  that  the  total  cost  would  be  $60,000,  or  $4. 00/cubic  yard  for  the 
15,000  cubic  yards  to  be  moved  (see  Figure  1,  following).  However,  for 
reasons  previously  discussed,  only  about  2,500  cubic  yards  of  sand  was  pumped 
to  Linwood  Beach  during  the  demonstration.  The  total  cost  of  the  demonstra¬ 
tion  program  was  $41,000  (including  all  equipment  rental  and  labor  costs),  or 
approximately  $16.40/cubic  yard  for  the  2,500  cubic  yard6  pumped. 

35.  It  is  expected  that  in  any  given  year,  20  days  of  pumping  could  be 
obtained  before  Memorial  Day  weekend.  With  a  booster  pump  midway  between 
Lagoons  and  Linwood  Beaches,  actual  production  rates  could  be  increased  con¬ 
siderably  over  the  rate  obtained  during  the  demonstration  project.  Assuming 
the  pumping  rate  with  the  booster  pump  would  be  80  cubic  yards/hour,  a 
10-hour  day,  and  5  days  down-time  for  adverse  weather,  the  total  production 
for  15  days  of  actual  pumping  would  be  approximately  12,000  cubic  yards  of 
beach  material  pumped.  Labor  and  equipment  rental  costs  for  this  program 
would  be  approximately  $60,000,  producing  a  unit  cost  of  about  $5. 00/cubic 
yard  of  material  pumped. 

Alternate  Method  by  On-Beach  Trucking 

36.  For  cost  comparison  purposes,  an  alternate  method  of  operation  was 
evaluated.  The  alternative  was  not  actually  implemented  as  was  the  pumping 
demonstration  project  (see  Inclosures  17). 

37.  The  alternative  provides  for  on-beach  trucking  to  transport  sand  in  lieu 
of  placing  2,500  to  3,000  lineal  feet  of  pipe  and  using  the  Mud  Cat  dredge  to 
pump  sand  through  the  pipe. 

38.  Assumed  for  use  were:  three  trucks,  12  cubic  yards  each,  one  10-ton 
crawler  crane  with  a  1  cubic  yard  dragline  bucket,  and  one  2-3/4  cubic  yard 
crawler  loader,  and  respective  operators,  oilers,  and  laborers. 

Comparison  of  Pumping  by  Hydraulic  Dredge  (Mud  Cat)  to  On-Beach  Trucking 

39.  Two  estimates  for  transporting  sand  by  on-beach  trucking  were  prepared. 
One  estimate  was  for  the  2,500  cubic  yards  that  was  actually  realized  from 
the  sand  pumping  demonstration,  and  another  was  for  15,000  cubic  yards  which 
was  the  goal  for  the  demonstration  project. 

40.  Based  upon  an  estimated  production  rate  of  104  cubic  yards/hour  for  a 

1  cubic  yard  dragline  (see  Inclosure  No.  17),  it  would  require  approximately 
three  10-hour  workdays  to  transport  2,500  cubic  yards  at  an  estimated  cost  of 
$14,600  or  about  $5. 84/cubic  yard.  Using  the  same  production  rate,  it  would 
require  approximately  fifteen  10-hour  workdays  at  an  estimated  cost  of 
$64,400  or  about  $4. 30/cubic  yard  to  transport  15,000  cubic  yards  (see 
Figure  1). 
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41.  Rough  lake  conditions  and  other  problems ,  discussed  above,  delayed  Mud 
Cat  operations  considerably,  to  the  extent  that  actual  pumping  took  8  days  or 
more  than  twice  the  amount  of  time  that  was  estimated  for  on-beach  trucking. 
However,  experience  gained  from  the  demonstration  and  reasonable  improvements 
could  increase  pumping  productivity  to  a  level  more  competitive  with  that  of 
on-beach  trucking. 


PART  V  -  CONCLUSION 


42.  Based  on  a  comparison  of  the  desired  (15,000  cubic  yards)  vs.  the  actual 
(2,500  cubic  yards)  amount  of  beach  material  pumped  from  Lagoon3  Beach 
(Area  A)  to  Linwood  Beach  (Area  B) ,  it  is  concluded  that  the  Sand  Pumping 
Demonstration  Program  at  Vermilion  Harbor  was  unsuccessful.  However,  as 
discussed  In  Part  IV,  several  problems  encountered  prior  to  and  during  the 
actual  operation  which  significantly  constrained  production  might  well  be 
resolved  by  reasonable  improvements  in  premobilization  planning  and  in  the 
pumping  operation.  Nevertheless,  because  of  the  large  size  of  material  to  be 
pumped  and  the  susceptibility  of  Mud  Cat  operations  to  even  slightly  bad 
weather,  the  probability  of  improving  production  over  that  achieved  during 
the  demonstration  project  is  uncertain.  Accordingly,  the  economic  efficiency 
of  sand  pumping  is  uncertain. 

43.  For  reasons  cited  above,  use  of  an  hydraulic  dredge,  such  as  the  Mud  Cat 
used  in  the  demonstration  project,  to  pump  sand  to  mitigate  shore  damage  at 
Vermilion  Harbor  is  considered  to  be  far  less  desirable  than  use  of  a 
dragline  and  on-beach  trucking. 
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No.  1  -  Aerial  photo  showing  mouth  of  Vermilion  River 

and  Lagoons  Beach  before  sand  pumping  demonstration 


No.  2  -  Lagoons  Beach  before  sand  pumping  demonstration 
looking  offshore  towards  east  and  west  piers, 
respectively,  and  the  detached  breakwater 
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Lagoons  Beach  before  sand  pumping  demonstration; 
same  view  as  Photo  No.  2  but  further  away  from  piers 


Lagoons  Beach  before  sand  pumping  demonstration 
looking  away  from  piers  towards  Linwood  Beach 
which  is  in  the  far  background 
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EXHIBIT  C.3 

SECTION  14 
LETTER  REPORT 


DEPARTMENT  OF  THE  ARMY 
BUFFALO  01  STRICT .CORPS  OF  ENGINEERS 
1776  NIAGARA  STREET 
BUFFALO,  NEW  YORK  14207 

NCBED-PF  30  September  1977 

SUBJECT:  Section  14  Reconnaissance  Report  for  Elberta  Beach  and 
Llnwood  Park,  Vermilion,  OH 


Division  Engineer,  North  Central 
ATTN :  NCDPD 


AUTHORITY 

1.  This  report  was  prepared  under  authority  of  Section  14  of  the  1946 
Flood  Control  Act,  as  amended.  This  legislation  provides  the  Corps  of 
Engineers  authority  for  construction  of  emergency  streambank  and  shore¬ 
line  protection  of  public  works  and  non-profit  public  services.  The 
investigation  was  made  in  response  to  correspondence  received  from 
Congressman  Charles  A.  Mosher  in  December  1976  regarding  erosion  prob¬ 
lems  and  possible  damage  to  sanitary  sewer  facilities  at  Elberta  Beach 
and  Llnwood  Park,  Vermilion,  OH.  A  copy  of  the  correspondence  is 
attached  in  Appendix  A. 

ACKNOWLEDGEMENTS  AND  COORDINATION 

2.  This  report  was  prepared  by  Dalton,  Dalton,  Little,  Newport,  Inc., 
3605  Warrensville  Center  Road,  Cleveland,  OH,  under  a  contract  with 
U.S.  Army  Engineer  District,  Buffalo. 

AREA  OF  REPORT  CONSIDERATION 

3.  The  area  considered  in  this  report  is  located  in  the  city  of 
Vermilion,  OH,  on  the  southern  shore  of  Lake  Erie  approximately  40 
miles  west  of  the  city  of  Cleveland,  OH,  in  Erie  and  Lorain  Counties. 
Specifically,  the  Elberta  Beach  sanitary  sewer  pumping  station,  Loca¬ 
tion  A,  lies  on  city-owned  property  with  approximately  150-feet  of 
frontage  on  Lake  Erie.  Location  B  is  in  Llnwood  Park  Development.  A 
general  location  map  is  shown  on  Plate  2. 

4.  Area  A  -  Elberta  Beach  (Photos  1-8):  The  Elberta  Beach  sanitary 
■ewer  pumping  station  is  located  on  city-owned  property  with  150  feet 
of  frontage  on  Lake  Erie.  The  dimension  of  the  concrete  block  struc¬ 
ture  is  12’  x  12'  with  an  entrance  on  bbe  landward  side  of  the  building. 
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The  station  originally  pumped  sewage  out  into  the  lake  through  an  out¬ 
fall  pipe  which  has  since  been  destroyed  by  erosion. 

5.  The  station  presently  pumps  sewage  from  approximately  300  homes  to 
a  sewage  treatment  plant  to  the  west.  The  pumping  station  is  located 

43  feet  south  of  a  15-foot  high  bluff.  The  bluff  is  composed  of  a  shale 
terrace  with  a  clay  and  gravel  material  on  top  of  the  terrace.  The  top 
of  the  shale  bench  is  approximately  five  feet  above  low  water  datum 
(568.6  IGLD);  the  clay  and  gravel  layer  is  approximately  10  feet  thick. 
The  erosion  of  the  bluff  is  slowed  by  the  shale  terrace,  but  during 
high  lake  stages  and  northeasterly  winds  the  clay  bank  is  directly 
exposed  to  wave  attack.  Evidence  of  groundwater  seepage  in  the  steep, 
unconsolidated  bluff  was  not  apparent  during  the  field  investigation. 

The  present  stability  of  the  bluff  indicates  that  groundwater  seepage 
is  not  a  cause  of  the  erosion  and  that  the  major  cause  is  direct  wave 
attack  at  the  base  of  the  bluff.  A  location  of  the  problem  area  is 
shown  on  Plate  3. 

6.  Area  B  -  Llnwood  Park  Development  (Photos  9  -  14):  The  Linwood 
Park  Development  has  approximately  4,200  feet  of  lake  frontage.  A 
sanitary  sewer  Interceptor  line  runs  parallel  to  the  lake  and  is 
presently  endangered  by  bluff  recession  along  approximately  400  feet 
of  shoreline.  The  field  inspection  of  November  1976  showed  that  the 
easterly  bluff  had  eroded  10  feet  due  to  wave  action  since  July  1975, 
and  the  closest  proximity  of  the  edge  of  the  bluff  to  the  sewer  line 
was  recently  measured  at  20  feet.  Loss  of  the  sewer  interceptor  would 
disrupt  service  to  approximately  300  homes  A  location  map  is  shown  on 
Plate  5. 

FIELD  INVESTIGATION 

7.  A  field  investigation  was  made  in  November  1976  by  District  employees 
to  determine  whether  the  Buffalo  District  Corps  of  Engineers  could  pro¬ 
vide  assistance  in  correcting  the  erosion  problems  at  Elberta  Beach  and 
Linwood  Park.  This  investigation  was  made  in  response  to  correspondence 
received  from  Congressman  Charles  A.  Mosher.  During  that  inspection, 
erosion  at  Location  A  had  reached  a  point  about  75  feet  from  the  pump 
station.  The  erosion  problem  seems  to  be  a  direct  result  of  the  existing 
ground  and  shale  being  cut  when  the  outfall  pipe  was  Installed.  The 
backfill  is  quickly  being  washed  away  by  wave  action.  Extensive  erosion 
of  the  westerly  adjoining  property  was  also  noted.  Erosion  at  Location 
B,  Llnwood  Park,  had  reached  a  point  within  20  feet  of  the  sanitary 
sewer  interceptor  line  which  runs  east  and  west  between  Lake  Avenue  and 
the  south  shore  of  Lake  Erie. 
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8.  A  subsequent  field  Investigation  was  made  in  June  1977  to  determine 
possible  remedial  measures  that  were  feasible  from  an  economic  and 
engineering  standpoint  to  alleviate  the  erosion  problem.  On  the  day  of 
the  June  field  trip,  waves  were  reported  to  be  10  to  12  feet  high  with 
winds  of  40  to  50  mph  from  the  northeast  (See  Photos  1,  3,  4,  13  and 
14).  This  provided  an  accurate  analysis  of  actual  erosion  taking  place 
and  this  condition  exceeded  the  actual  design  criteria. 

DESIGN  CRITERIA 


9.  The  following  information  was  used  to  obtain  the  design  of  the  con¬ 
sidered  remedial  measures.  The  detailed  design  analysis  is  included  in 
Appendix  B  of  this  report. 

a.  Wind  velocities  were  obtained  from  wind  data  collected  by  the 
U.S.  Weather  Bureau  in  the  vicinity.  These  data,  taken  on  an  hourly 
basis,  include  wind  velocity  and  direction. 

b.  Fetch  length  for  Elberta  Beach  and  Linwood  Park  was  measured 
from  a  lake  survey  chart,  and  the  effective  fetch  was  calculated 
according  to  standards  established  by  the  U.S.  Army  Coastal  Engineering 
Research  Center  (CERC) .  The  effective  fetch  for  irregular  shoreline 
method  was  used  as  explained  in  the  shore  protection  manual  (SPM)  Vol.  I, 
by  CERC.  A  design  fetch  length  of  70  miles  was  used. 

c.  Based  on  guidance  provided  by  North  Central  Division  (NCD) ,  the 
200-year  recurrence  event  was  used  as  the  design  wave.  This  was  calculated 
by  combining  the  10-year  still  water  level  (SWL)  and  the  20-year  deep 
water  wave. 

d.  The  design  wave  was  calculated  using  the  following:  (1)  Report 
on  Great  Lakes  Open  Coast  Flood  Levels  (Detroit  District,  Corps  of 
Engineers,  February  1977);  (2)  Shore  Protection  Manual  (Coastal  Engineering 
Research  Center,  1973);  (3)  Design  wave  information  for  the  Great  Lakes, 
Report  No.  1,  Lake  Erie  (TR.H-76-1)  (U.S.  Army  Waterways  Experiment 
Station,  Vicksburg,  MS,  January  1976).  Refer  to  Technical  Appendix, 

Sheets  1  through  5,  for  design  results. 

PROPOSED  PLAN  OF  IMPROVEMENT 

10.  Location  A,  Alternate  1:  The  proposed  plan  of  improvement  to  pre¬ 
vent  further  erosion  at  Elberta  Beach  will  consist  of  pouring  in  place 
a  reinforced  concrete  retaining  wall  as  shown  on  Plate  4.  This  wall 
will  be  anchored  on  both  sides  back  into  the  existing  shale  portion  of 


/ 
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the  bluff.  The  area  behind  the  wall  will  be  filled  with  four  Inch  to 
eight  Inch  rock  and  granular  backfill  and  sloped  up  as  shown  on  Plate  4 
to  meet  the  existing  bluff.  The  bottom  of  the  wall  will  be  cut  Into 
and  anchored  to  the  existing  shale  base.  One-ton  stones  will  be  placed 
as  toe  protection  on  the  lake  side  of  the  proposed  wall. 

11.  Location  B:  After  considering  the  possible  methods  of  protection 
at  Llnwood  Park,  a  stone  revetment  was  deemed  the  most  suitable  plan  of 
protection  for  the  bluff  in  the  study  area.  Because  this  is  a  private 
beach,  no  additional  benefits  from  use  of  the  beach  for  public  recrea¬ 
tion  would  be  realized  to  justify  the  cost.  Cost  of  cellular  steel  or 
gravity-type  concrete  bulkheads  exceeds  that  on  stone  revetments.  These 
are  also  less  suitable  plans  of  protection,  since  vertical-faced  struc¬ 
tures  are  more  likely  to  cause  scour  of  the  existing  narrow  beaches. 
Since  the  frontage  will  continue  to  be  used  by  the  private  owners  for 
recreational  purposes,  the  preservation  of  as  much  beach  as  possible 

is  desired.  The  proposed  stone  revetment  would  have  a  top  elevation 
of  580,  10  feet  above  mean  lake  level.  Its  alignment  would  generally 
follow  the  existing  toe  of  slope  with  the  landward  side  of  the  revetment 
against  the  face  of  the  bluff.  The  structure  would  have  a  one  on  two 
slope  on  its  lakeward  face.  The  armor  stone  shall  be  from  1,000  to 
2,400  pounds  with  the  underliner  stone  ranging  from  60  to  150  pounds, 
and  the  filter  media  ranging  from  the  Number  200  sieve  up  to  a  maximum 
of  four  inches.  To  protect  the  section  of  bluff  which  would  be 
threatened  during  the  50-year  life  of  the  project  would  require  con¬ 
struction  of  about  400  linear  feet  of  revetment.  A  typical  plan  and 
cross  section  of  the  proposed  revetment  are  shown  on  Plate  6. 

12.  The  revetment  is  designed  to  armor  the  toe  of  slope  in  the  zone 
of  wave  attack  up  to  the  limit  of  wave  uprush.  Under  the  most  severe 
conditions,  which  will  occur  during  periods  of  high  lake  levels,  some 
settlement  of  the  toe  of  the  structure  is  expected  due  to  scour.  Suf¬ 
ficient  stone  is  provided  by  the  design  cross  section  to  permit  such 
settlement  and  readjustment  of  the  stone  cover  without  exposing  the 
bluff. 

OTHER  PLANS  CONSIDERED 

13.  Location  A:  Alternative  plans  considered  for  protection  of  the 
sanitary  sewer  pump  station  were  (a)  a  gabion  structure  and  (b)  reloca¬ 
tion  of  the  pump  station.  The  gabion  structure  would  be  built  in  a 
similar  location.  The  structure  would  consist  of  a  gabion  mattress 
apron  placed  on  a  leveled  lake  bottom.  This  mattress  apron  would  pro¬ 
vide  stability  to  the  structure  and  would  insure  against  scour  caused 
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by  wave  action.  Similar  dimensions  would  be  used  with  the  exception 
that  the  gabion  wall  would  extend  to  the  top  of  the  bluff.  Relocating 
the  pumphouse  would  require  complete  rebuilding  of  the  facility  with  a 
considerable  amount  of  underground  work  involved  to  realign  the  existing 
gravity  sewers  and  extend  the  force  main.  The  cost  estimates  of  the 
proposed  work  are  shown  in  Paragraph  28. 

14.  The  consideration  for  not  selecting  the  gabion  structure  or  the 
relocation  was  basically  of  an  engineering  and  economic  nature.  During 
past  experiences  with  gabions  in  an  area  subject  to  direct  wave  action, 
the  gabions  required  considerably  more  maintenance  than  a  concrete  wall 
structure.  Maintenance  and  ease  of  construction  were  also  primary  con¬ 
siderations  for  structure  selection.  Avoiding  high  maintenance  costs 
was  a  prime  consideration  due  to  the  limited  budget  and  availability  of 
maintenance  personnel. 

15.  Relocation  would  require  clearing  and  grading  the  site  directly 
inland.  This  6ite  is  presently  overgrown  with  large  trees  and  heavy 
brush.  The  entire  pumphouse  would  have  to  be  reconstructed,  and  sewer 
lines  would  require  realignment  to  the  new  facility.  The  existing 
structure  would  require  demolition  to  remove  and  dispose  of  the  building 
material. 

16.  Location  B,  Linwood  Park:  Alternative  plans  considered  for  the 
protection  of  the  sanitary  6ewer  interceptor  were  (a)  to  construct  a 
rubblemound  groin  that  would  be  tied  into  the  bluff  and  would  extend 
north  approximately  150  feet  out  into  the  lake  and  (b)  to  relocate  the 
existing  sewer.  Both  of  these  plans  would  require  a  much  longer  con¬ 
struction  period.  Relocating  the  sewer  main  as  shown  on  Plate  5  would 
require  the  streets  to  be  closed  while  the  new  system  is  being  installed, 
and  service  connections  to  all  lakefront  homes  would  require  rebuilding. 

EXISTING  ENVIRONMENTAL  CONDITIONS 


Vegetation: 

17.  Location  A,  Elberta  Beach:  The  steep  bank  slope  along  the  shore¬ 
line  immediately  in  front  of  the  pumphouse  is  visibly  eroded.  This 
nearly  vertical  bank,  containing  exposed  soils  and  roots,  is  directly 
subject  to  wind  and  wave  action  from  Lake  Erie.  A  shale  terrace  about 
five  feet  high  extends  outward  in  both  directions  beyond  the  project 
site.  The  area  surrounding  the  enclosed  pumphouse  has  dense  woods  on 
the  east  and  across  the  road,  south  of  the  pumphouse.  The  north  and 
west  sides  contain  scattered  trees  and  brush.  This  ground  cover  acts 
as  a  screen  between  the  pumphouse  and  residential  property  to  the  west 
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18.  Location  B,  Linwood  Park:  The  bank  slope  at  the  northeast  corner 
of  the  park  contains  some  large  rocks  and  concrete  chunks  varying  in 
size.  The  concrete  appears  to  be  the  remains  of  steps  leading  down  to 
the  beach  which  have  failed  due  to  erosion.  Trash  and  debris  have 
washed  up  onto  the  shoreline  in  this  area.  Vegetation  along  the  top 
of  bank  between  the  road  and  the  top  of  bluff  is  well  maintained  by 
mowing.  A  row  of  large  trees  parallels  the  shoreline. 

ENVIRONMENTAL  CONSIDERATIONS 


19.  The  study  of  environmental  considerations  was  prepared  so  that  an 
evaluation  of  the  environmental  impact  can  be  made  for  the  implementa¬ 
tion  of  the  selected  plan  of  protection  in  the  study  areas. 

20.  At  Location  A,  the  recommended  plan  consists  of  constructing  a 
concrete  wall  at  the  base  of  the  bluff  in  the  eroded  area  as  previously 
described.  The  recommended  plan  at  Location  B  consists  of  constructing 

a  400  linear  foot  stone  revetment  in  the  eroded  area  previously  described. 

21.  The  basic  environmental  data  relative  to  the  problem  area  were 
obtained  from  the  1966  report  (geomorphology,  littoral  materials) . 

22.  Geomorphology:  The  formation  of  the  Lake  Erie  basin  and  the 
geologic  characteristics  of  the  surface  materials  of  the  Erie  basin  are 
the  result  of  glacial  action  during  the  Pleistocene  Age.  Generally, 
the  material  overlying  the  bedrock  is  a  glacial  till  composed  of  native 
material  ground  up  beneath  the  glacier,  mixed  with  material  from  the 
Canadian  regions  to  the  east  and  northeast.  The  composition  of  the 
till  varies  widely  from  place  to  place,  but,  in  general,  is  a  hard, 
compact  boulder  clay  with  the  included  rock  fragments  varying  from  sand 
to  pebbles,  cobbles,  and  large  boulders.  The  analysis  of  the  boulder 
clay  found  along  the  Ohio  shoreline  of  Lake  Erie  indicates  that  approxi¬ 
mately  75  percent  is  silt  and  clay,  15  to  20  percent  is  sand,  and  the 
remainder  is  coarser  material.  The  surface  material  throughout  most  of 
the  Ohio  shoreline  consists  of  lacustrine  clay  and  silt.  In  localized 
areas,  the  surface  material  is  sand,  probably  deposited  as  outwash  from 
streams  of  the  retreating  glaciers.  The  bluffs  have  a  history  of  pro¬ 
gressive  erosion  from  wave  action,  the  rate  increasing  with  the  Increase 
of  lake  levels. 

23.  The  littoral  material  found  in  the  bluff  was  gray  silty  clay  with 
embedded  shale  fragments,  traces  of  gravel,  and  thin  layers  of  sand. 

The  material  conforms  to  the  general  characteristics  of  the  Ohio  shore¬ 
line  bluffs  described  above,  except  that  there  is  no  evidence  of  coarse 
gravel  and  boulders  and  a-  correspondingly  higher  silt  and  clay  content. 
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24.  The  beach  material  at  Linwood  Park  is  generally  fine  to  medium 
sand.  It  is  poorly  graded,  with  most  of  the  material  between  0.2  and 
0.4  mm  in  size.  At  the  water’s  edge,  the  sand  is  better  graded  and 
somewhat  coarser.  Beyond  the  6-foot  depth,  the  shale  bedrock  is  either 
exposed  or  covered  with  only  a  this  layer  of  fine  sand.  The  total 
supply  of  beach  material  is  inadequate  to  provide  a  beach  of  the 
proportions  required  for  protection  of  the  shore  during  periods  of 
normal  or  above-normal  lake  levels.  Little  or  no  beach  exists  at 
Elberta  Beach.  The  shoreline  consists  of  shale  bedrock  and  shale 
fragments.  Any  material  falling  from  the  bluff  is  quickly  carried 
away  by  wave  action. 

ENVIRONMENTAL  IMPACT  OF  THE  PROPOSED  ACTION 


25.  The  establishment  of  a  concrete  wall  at  Location  A  and  a  stone 
revetment  at  Location  B  will  result  in  the  stabilization  of  the  damaged 
lake  shore  bluff,  which  has  been  severely  eroded  and  undercut  by  wave 
action.  It  was  estimated  during  this  study  that  if  natural  erosion 
processes  are  allowed  to  continue  unabated,  then  it  is  possible  that 
both  the  sanitary  pump  station  and  the  sanitary  interceptor  sewer  could 
be  destroyed  within  three  years  (by  1980)  at  the  present  erosion  rate. 

26.  In  view  of  present  conditions,  replacement  of  the  eroded  sections 
of  bluff  with  a  concrete  wall  and  stone  revetment  should  improve  the 
aesthetic  value  of  the  Lake  Erie  shoreline  at  these  locations. 

27.  Construction  of  the  stone  revetment  will  not  disturb  the  peripheral 
terrestrial  environment.  Some  noise,  dust,  and  turbidity  will  be  gen¬ 
erated  during  actual  construction  at  both  locations.  However,  the 
Contractor  performing  the  work  will  be  required  to  minimize  these  effects 
according  to  the  requirements  outlined  in  the  Corps  of  Engineers  Regula¬ 
tion  CE-1300  entitled  "Civil  Work  Construction  Guide  Specification  for 
Environmental  Protection." 

POTENTIAL  SOCIAL  IMPACTS 


28.  Without  a  Federal  project,  erosion  will  ultimately  require  the 
relocation  of  the  pumphouse  and  the  sanitary  sewer  interceptor  line. 

29.  The  social  and  economic  burdens  that  the  area  residents  will  be 
forced  to  carry  as  a  result  of  leaving  the  erosion  unattended  are  as 
follows: 


a.  Loss  of  sanitary  sewer  facilities  to  approximately  300  homes 
at  each  location. 
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b.  If  either  facility  is  destroyed,  raw  sewage  will  spill  directly 
to  the  beach,  then  into  Lake  Erie. 

ESTIMATES  OF  FIRST  COSTS 

30.  Cost  estimates  were  prepared  for  the  recommended  plans  of  improve¬ 
ments  for  Locations  "A"  and  "B".  These  estimates  were  prepared  with 
preliminary  survey  information  and  available  office  data  for  the  area. 
These  unit  price  cost  estimates  were  made  on  the  assumption  that  Con¬ 
tractor's  costs  include  plant,  labor,  material,  overhead,  and  profit 
(at  June  1977  price  levels).  In  addition  to  preparation  of  the  cost 
estimates  for  the  recommended  plan  at  Location  A,  cost  estimates  were 
prepared  for  the  alternate  plans,  namely  gabions  and  pump  station  reloca¬ 
tion,  for  cost  comparison.  At  Location  B,  the  cost  estimate  for  the 
recommended  plan  was  prepared.  Cost  estimates  are  shown  in  Paragraph  38. 

31.  Location  A:  Comparison  of  costs  for  alternate  structural  solutions 
were  made  assuming  that  the  same  layout  would  be  sufficient  to  provide 
the  required  protection.  The  costs  were  determined  by  using  current 
construction  rates  for  the  necessary  construction  quantities.  A  25 
percent  contingency  was  used  to  provide  for  unforeseen  delays,  defici¬ 
ency  of  detailed  surveys,  and  possible  oversights  in  the  cost  estimates. 
Supervision  and  administration  include  the  cost  for  supervision,  inspec¬ 
tion,  and  overhead  for  the  construction  of  the  project.  The  supervision 
and  administration  costs  for  the  gabion  structure  were  assumed  because 
of  the  necessary  Increase  in  quality  control  and  inspection  required 

for  gabion  construction.  The  following  is  a  summary  of  the  cost  estimates 
for  the  three  structural  plans. 
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COST  ESTIMATES  AT  LOCATION  "A" 

32.  Rex.iforced  Concrete  Wall  (Selected  Plan  of  Improvement) (1) 


Item 

Unit 

Quantity 

Unit  Cost 

Total  Cost 

Dewatering 

LS 

1 

$13,000.00 

$13,000.00 

Concrete 

CY 

86 

185.00 

15,910.00 

Reinforcing  Steel 

LB 

7,500 

0.35 

2,625.00 

Rock  Anchors 

EA 

24 

30.00 

720.00 

Dumped  Rock 

CY 

35 

24.00 

840.00 

Granular  Backfill 

CY 

175 

12.00 

2,100.00 

Subtotal 

$35,000.00 

Contingencies  (25%) 

9,000.00 

Engineering,  Design,  Supervision, 

and  Administration  (30%) 

11,000.00 

Total 

$55,000.00(1) 

Gabion  Structure 

Gabion  Baskets  (3  x  3  x  9) 

and  Rock  Fill 

EA 

26 

$  175.00 

$  4,550.00 

Fiber  Blanket 

SY 

85 

0.75 

63.75 

Granular  Backfill 

a 

175 

12.00 

2,100.00 

Subtotal 

$  6,713.75 

Contingencies  (25%) 

1,678.44 

Engineering,  Design,  Supervision, 

and  Administration  (30%) 

2,014.13 

Total 

$10,406.32 

Relocation  of  Pumphouse 

LS 

$65,000.00 
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ESTIMATE  OF  ANNUAL  COST  -  ELBERTA  BEACH 


33.  Annual  costs  have  been  computed  using  an  interest  rate  of  6-3/8 
percent  and  a  50-year  project  life.  The  construction  can  be  completed 
in  one  construction  season.  Annual  maintenance  costs  have  been  included 
to  provide  for  replacement  and  addition  of  stone  as  required. 


First  Cost  -  Elberta  Beach  -  $55,000.00 


Annual  Costs 
Interest  6-3/8% 
Amortization  (.0030) 
Maintenance 
Total 


3,509.00 
165.00 
300.00 
$  3,974.00 


ESTIMATE  OF  BENEFITS 


34.  Estimate  of  benefits  for  the  project  have  been  examined  in  light 
of  physical  damage  prevented  and  business  and  emergency  cost  avoided 
and  are  given  in  June  1977  price  levels. 

35.  Location  "A"  Elberta  Beach  (sanitary  pumping  station)  -  This 
facility  is  located  43  feet  south  of  the  present  lake  shoreline  (pg.  1) . 
The  pump  station  also  lies  landward  of  a  15-foot  high  bluff  consisting 
of  clay  and  gravel  on  top  of  a  shale  bench.  Failure  of  this  sewage 
pumping  station  would  impact  upon  300  area  residences  and  would  be 
likely  to  produce  significant  disruption  to  the  area,  in  addition  to 
Initiating  emergency  operations  by  local  and  State  governmental  agencies 
(town  highway  departments,  town  supervisors,  county  department  of 
health,  etc.).  Benefits  attributed  to  the  proposed  emergency  shoreline 
stabilization  measures  are  based  upon  estimated  damages  to  lands  or 
Improvements  that  would  occur  without  the  proposed  protection  over  a 
50-year  period.  Damages  were  calculated  using  current  market  value  of 
structures,  or  reconstruction  and  relocation  costs  of  the  affected 
Improvements.  The  primary  public  facility  at  Location  "A"  consists  of 
the  sewage  pumphouse  and  its  contents. 

1962  acquisition  cost  ■  $25,000.00 
Useful  life  -  50  years 
Straight  line  depreciation 
No  salvage  value 

Annual  depreciation  charge  =  $500.00 

18  years  depreciation  to  1980  (18  x  $500.00  -  $9,000.00) 


/ 


NCBED-FF 

SUBJECT:  Section  14  Reconnaissance  Report  for  Elberta  Beach  and 
Linwood  Park,  Vermilion,  OH 

Remaining  economic  life  by  1980  is  $16,000.00 
Present  value  of  $16,000.00  in  1980  is  $13,280.00 

36.  Loss  of  this  remaining  economic  life  of  $13,280.00  is  equivalent 
to  an  average  annual  loss  of  $890.00.  The  total  relocation  cost  of 
$65,000.00  (Pg.  10)  anticipated  in  1980  has  a  present  value  of  $53,950.00. 
Average  annual  relocation  costs  avoided  are  $3,600.00  and  are  considered 
to  be  benefits  attributable  to  the  proposed  emergency  bank  protection 
plan. 

37.  Total  average  annual  benefits  consist  of  physical  damage  and  reloca¬ 
tion  cost  avoided  and  are  estimated  to  be  ($890.00  +  $3,600.00)  = 
$4,490.00.  Annual  cost  =  $3,974.00;  annual  benefits  =  $4,490.00;  benefit- 
cost  ratio  for  the  construction  of  a  reinforced  concrete  wall  at 
Location  "A"  is  1.0  to  1.14. 
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SUBJECT:  Section  14  Reconnaissance  Report  for  Elberta  Beach  and 
Llnwood  Park,  Vermilion,  OH 

COST  ESTIMATES  AT  LOCATION  "B" 

38.  Stone  Revetment* 


Item 

Unit 

Quantity 

Unit  Cost 

Total  Cost 

Mobilization  and 

Demobilization 

$  500 

Armor  Stone 

Ton 

3,200 

$22 

70,400 

Underlayer  Stone 

Ton 

1,400 

19 

26,600 

Run  of  Bank  Sand  and  Gravel 

Ton 

2,100 

6 

12,600 

Construction  of  Ramp  and 

Haul  Road 

600 

Total  Construction  Costs 

110,700 

Contingency  (15%  +) 

16,800 

Engineering  and  Design 

Supervision  and 
Administration  (15%  +) 

19,050 

Total  First  Cost 

146,050 

*A  detailed  cost  estimate  is  enclosed  in  the  Technical  Appendix  of  this 
report . 
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NCBED-PF 

SUBJECT:  Section  14  Reconnaissance  Report  for  Elberta  Beach  and 
Linwood  Park,  Vermilion,  OH 

ESTIMATE  OF  ANNUAL  COSTS  -  LINVJOOD  PARK 

39.  Annual  costs  have  been  computed  using  an  interest  rate  of  6-3/8 
percent  and  a  50-year  project  life.  The  construction  can  be  completed 
in  one  construction  season.  Annual  maintenance  costs  have  been  included 
;o  provide  for  replacement  and  addition  of  stone  as  required. 


Total  First  Cost  $146,050 
Average  Annual  Cost  (.0668)  9,756 
Annual  Maintenance  1,200 
Total  Annual  Costs  10,956 


ESTIMATE  OF  BENEFITS 

40.  Estimate  of  benefits  for  the  project  have  been  examined  in  light 
of  physical  damages  prevented  and  business  and  emergency  costs  avoided 
and  are  given  in  June  1977  price  levels. 

PHYSICAL  DAMAGE  PREVENTED 

41.  Location  "B"  Linwood  Park  Development  (sewer  interceptor  line)  - 
Approximately  400'  of  shoreline  has  eroded  to  within  20  feet  of  an 
existing  sanitary  sewer  interceptor  line  parallel  to  the  lake  and  is 
presently  endangered  by  continued  bluff  recession.  Loss  of  the  inter¬ 
ceptor  line  would  disrupt  at  least  300  homes  and  would  have  adverse 
environmental  effects  if  raw  sewage  was  spilled  directly  onto  the  beach 
or  into  Lake  Erie.  Benefits  attributed  to  the  proposed  shoreline  pro¬ 
tection  would  eliminate  the  need  to  relocate  the  line  in  the  future  and 
also  prevent  the  loss  of  the  remaining  useful  economic  life  of  the 
sewer  line.  The  present  value  of  these  future  losses  and  the  average 
annual  damages  were  computed  as  follows: 


NCBED-PF 

SUBJECT:  Section  1A  Reconnaissance  Report  for  Elberta  Beach  and 
Linwood  Park,  Vermilion,  OH 

A2.  Average  annual  benefits  consist  of  emergency  and  relocation  costs 
avoided  and  are  estimated  to  be  $1A,600.  Average  annual  costs  consist 
of  the  construction  of  the  stone  revetment  plus  annual  maintenance, 
which  is  estimated  to  be  $10,956.  Benefit-cost  ratio  for  the  construc¬ 
tion  of  a  stone  revetment  at  Location  "B"  is  1.3. 

LOCAL  COOPERATION 

A3.  No  difficulty  is  anticipated  with  respect  to  local  cooperation. 

The  local  cooperation  required  for  the  plan  of  improvement  would  be  in 
accordance  with  current  Federal  policy  and  a  socially  acceptable 
remedial  plan  of  improvement.  The  construction  of  the  improvements 
will  provide  erosion  protection  for  the  sanitary  pump  station  at  Elberta 
Beach  and  the  sewage  line  at  Linwood  Park.  The  Reconnaissance  Report 
shows  that  there  is  a  Federal  interest  in  providing  such  protection  and 
that  the  local  cooperating  agency  is  willing  and  able  to  provide  the 
necessary  assurances.  Local  interests  would  be  required  to: 

a.  Provide,  without  cost  to  the  United  States,  easements  and 
rights-of-way  for  the  construction  of  the  project. 

b.  Hold  and  save  the  United  States  free  from  all  claims  for 
damages  incident  to  construction  of  the  project. 

c.  Take  over  and  maintain  the  project  and  the  remaining  embankment 
slope  after  completion  without  costs  to  the  United  States  in  accordance 
with  regulations  prescribed  by  the  Secretary  of  the  Army. 

d.  Assume  responsibility  for  all  costs  for  protection  of  private 
property  in  the  vicinity  of  Elberta  Beach. 

e.  Assume  responsibility  for  all  costs  in  excess  of  the  Federal 
limitation  of  $250,000. 

AA.  Current  regulations  and  policy  for  Section  1A  continuing  authority 
program  (EP  1105-2-507,  Para.  8B,  dated  15  April  7A)  state  that  an 
environmental  impact  statement  is  not  required  for  emergency  actions 
which  do  not  permit  delays  necessary  to  process  environmental  state¬ 
ments.  Therefore,  an  environmental  impact  statement  is  not  required 
for  this  project.  Further,  the  environmental  assessment  for  the  pro¬ 
posed  projects  indicates  that  the  construction  will  not  have  a  major 
Impact  on  the  environment . 


NCBED-PF 

SUBJECT:  Section  14  Reconnaissance  Report  for  Elberta  Beach  and 
Linwood  Park,  Vermilion,  OH 

RECOMMENDATION 

45.  All  work  under  Section  14  of  the  1946  Flood  Control  Act  as  amended 
is  required  -  under  existing  legislation,  regulations  and  policies  - 
to  be  economically  justified.  The  economic  justification  requires  that 
the  benefit-cost  ratio  be  equal  to  or  more  than  1.0.  For  the  proposed 
improvement,  the  benefit-cost  ratio  is  1.14  at  Location  "A",  Elberta 
Beach,  indicating  that  an  economically  feasible  plan  of  improvement  can 
be  developed.  At  Location  "B",  Linwood  Park,  a  benefit-cost  ratio  of 
1.3  also  indicates  that  the  project  can  be  economically  justified. 

Thus  it  is  recommended  that  funds  be  allocated  for  the  construction  of 
remedial  measures  as  outlined  in  this  report  to  protect  the  sanitary 
pump  station  at  Elberta  Beach  and  the  sewage  line  at  Linwood  Park, 
under  the  authority  of  Section  14  of  the  1946  Flood  Control  Act,  as 
amended. 

Incl  (10  cys)  DANIEL  D.  LUDWIG  U 

as  Colonel,  Corps  of  Engineers 

District  Engineer 
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Photo  1  Location  "A"  Eiberta  Beach. 

Looking  east  across  the  face  of  the  bluff  in  front 
of  the  existing  pump  station. 
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Photo  2  Location  "A"  Eiberta  Beach. 
Looking  north,  existing  pump  station 
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APPENDIX  A 

CORRESPONDENCE 


George  W.  Grossman 
17125  Amber  Drive 
Cleveland,  Ohio  Mill 

July  6,  1977 


Mr.  Charles  Hill 
Dal  ton- Dal  ton- L i 1 1 le- Newport 
3605  Warrensville  Center  Road 
Shaker  Heights,  Ohio  Ml22 

Dear  Mr.  Hill: 

Thank  you  for  the  opportunity  to  discuss  the  Section  1A  study 
on  the  L i nwood  Park  sewer  problem.  I  would  like  to  bring  the  following 
points  to  your  attention: 

1.  The  underlying  rock  on  the  shoreline  is  Devonian  shale.  At  a 
point  about  1C3'  west  of  the  L inwood-Nakomi s  line,  the  shale  drops  from 
about  8-10'  above  lake  level  to  near  lake  level.  East  of  Linwood  Park, 
the  shale  bluffs  erode  at  about  one  foot  per  year.  Within  Linwood  Park, 
the  soil  is  a  buried  valley  deposit  overlaid  with  glacial  till.  It  is  a 
clayey  soil  that  is  easily  excavated.  Under  wave  attack,  such  soils  can 
be  expected  to  erode  at  a  rate  in  the  order  of  5‘10  ft./yr. 

2.  The  original  sewers  in  Linwood  Park  had  laterals  in  the  streets 
and  pitched  to  a  main  just  below  the  bluff  on  the  beach.  The  manhole  for 
the  outfall  is  still  visible  on  the  beach.  The  present  sewers  have 
laterals  located  between  the  cottages  on  the  east  side  and  also  pitch  to 
the  lakeshore  with  the  natural  contour.  The  main  is  above  the  bluff  about 
2'  north  of  the  road  edge  on  the  east  side.  It  runs  at  the  base  of  the 
bluff  from  the  center  of  the  park  westward. 

3.  The  main  is  located  entirely  on  the  private  property  of  the 

Linwood  Park  Company.  The  extent  of  the  easement  or  if  an  easement  exists 

is  not  known.  In  all  probability,  a  new  easement  would  be  required. 

4.  The  maximum  distance  the  sewer  main  could  be  moved  is  about  20' 
on  the  east  side  of  Linwood  and  about  30'  on  the  west  side.  Further  move¬ 
ment  would  interfere  with  trees  and  private  leaseholds.  The  cottages  are 
built  on  99-year  leases,  renewable  forever  without  fee.  It  is  unlikely 
that  lakefront  leaseholders  would  agree  to  a  sewer  main  under  their  front 
porches,  and  the  cost  would  be  prohibitive. 

5.  A  20'  or  30 1  relocation  of  the  sewer  main  can  be  expected  to 

have  a  life  of  only  5  to  15  years  in  the  easily  erodable  soil.  Rains  are 

already  causing  the  bluff  to  slump  in  those  areas  where  wave  action  has 
undercut  the  bluff.  The  east  bluff  has  been  exposed  to  wave  runup  in 

two  NE  storms  this  spring.  A  relocation  would  have  to  be  protected  by  a 
revetment  or  a  beach. 
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6.  The  littoral  drift  in  the  area  is  westward.  Interference  with 
NW  waves  by  the  breakwater  has  caused  an  accumulation  at  the  east  pier. 

The  shoreline  at  the  east  pier  is  1 50 *  from  the  end  of  the  pier.  The 
slope  of  sand  underwater  behind  a  breakwater  is  about  22-1.  With  a  121 
deep  channel  from  low  water  datum,  the  channel  averages  13 1  to  14*  deep 
off  the  east  pier.  Thus,  the  east  pier  is  not  a  littoral  barrier  and 
will  not  be  a  barrier  until  the  shoreline  recedes  to  about  3001  from  the 
end  of  the  east  pier.  When  such  a  recession  occurs,  the  entire  beach 

will  recede  150*  .  ;  *:< 

>’  ' 

7.  The  sand  accumulation  at  the  east  pier  is  a  hazard  to  public 
navigation  channels  and  objectionable  to  Lagoons  residents.  Some  sand 

is  currently  being  hauled  away  by  the  city  to  fill  in  local  ball  diamonds. 

8.  Sand  can  be  hauled  3000‘  down  the  beach  by  elevated  scraper  for 
about  $2.00/cu.  yd.  These  figures  are  from  Terex  Div.,  CMC,  Hudson,  Ohio. 

They  have  been  confirmed  by  local  bids. 

I  believe  that  a  sewer  relocation  and  revetment  would  be  too 
expensive  to  be  justifiable  on  a  cost-benefit  basis  under  Section  14. 

The  restoration  of  L inwood  beach  would  be  an  obvious  and  very  beneficial 
way  to  protect  the  sewer  lines.  However,  I  understand  that  benefits 
accruing  to  private  interests  cannot  be  considered  under  this  law. 

Inasmuch  as  the  breakwater  has  caused  the  sewer  to  be  exposed 
to  wave  action  and  the  total  problem  is  under  consideration  in  a 
Section  III  study  and  an  Adverse  Impact  Study,  I  conclude  that  the  pro¬ 
tection  of  the  sewer  should  be  considered  as  part  of  these  studies. 

I  will  request  that  the  Corps  include  your  report  in  both. 

I  would  appreciate  if  >ou  would  include  these  comments  in  the 
report  and  also  forward  two  copies  of  me  draft  report  for  study  when 
it  is  available. 


Sincerely  yours, 


1 1  *  /  *  - 

Geeroe  W: 


Grossman 


cc:  Colonel  Daniel  D.  luUwiy 
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The  Linwood  Park  Co. 

UTABLWHIB  IH1 

ON  LAKE  ERIE 
VERMILION,  OHIO  44089 


1070  WILBERT  RD 
LAKEWOOD.  OHIO  MIC 

June  27,  1977 


Mr.  Charles  A.  Hill,  P.E. 
Dalton-Dalton-Li  ttle-Iiewport 
3-75  Warrensville  Center  Road 
Cleveland,  Ohio  4^1 22 


Subject:  L.W.  Curtis  ltr  6/15/77 

Secc.  1 1|  Shore  Erosion  Study 


Dear  Mr.  Hill: 

The  Linwood  Park  Company  is  an  Ohio  Corporation,  founded  in  1883  and  has 
been  operating  continuously  since  then.  Its  affairs  are  managed  by  seven 
Directors,  elected  by  the  shareholders.  It  owns  all  of  the  Linwood  Park 
and  leases  the  lots  on  a  ninety-nine  year  basis  to  the  residents.  Of  the 
150  units  in  the  Park,  twenty-five  are  being  occupied  as  permanent  year 
'round  residences.  Approximately  600  of  the  land  remains  open;  no  build¬ 
ing  lots  have  been  sold  since  the  early  19^0’s.  It  is  our  policy  to 
maintain  the  open  land  in  its  present  proportion. 

In  1922  the  Company  granted  an  easement  to  the  Town  of  Vermilion  to  be 
used  for  a  main  sewer  line  running  East-West  along  the  lake  bank, 
extending  approximately  a  half  mile  between  our  property  lines.  The  main 
also  serves  all  of  the  community  of  Nakomis  to  the  east  of  Linwood.  Park 
lines,  then  existing,  connect  into  the  main  line.  One  of  the  conditions 
in  granting  the  easement  was  that  the  town  would  be  responsible  for 
maintaining  the  main  line. 

Since  the  record  high  water  level  of  1973  lake  bank  erosion  has  been 
extremely  rapid  on  the  eastern  one  third  of  the  bank.  We  have  lost 
fifteen  to  twenty  trees,  some  over  thirty-six  Inches,  which  were  planted 
years  ago  solely  for  bank  protection.  More  trees  are  in  jeopardy.  In 
some  places  erosion  has  worked  back  to  within  thirty  feet  of  the  sewer  li 
making  the  situation  critical. 

We  have  attempted  self-help  at  considerable  expense;  reinforcing  the  toe 
and  part  of  the  bluff  with  sand  bags,  lake  rock,  sand,  and  drift  logs 
without  success.  Our  efforts  have  possibly  slowed  down  the  action,  but 
at  this  point  it  is  not  even  a  holding  action  with  the  majority  of  the 
trees  washed  out. 

In  the  last  two  years  or  so  our  problem  has  compounded.  Wave  erosion  has 
changed  a  stable,  sloping  bank  to  a  sheer  bluff.  The  result  is  that  we 
are  now  faced  not  Just  with  erosion  at  the  base,  but  erosion  from  above 
from  rain,  frost  and  wind.  The  rate  of  recession  toward  the  sewer  line 
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has  rapidly  increased  and  will  continue  to  do  so  without  remedial  action. 
This  observation  is  confirmed  in  Michigan's  Demonstration  Erosion  Control 
Program  Evaluation  Report ,  197^. 

No  commentary  on  the  problem  would  be  complete  without  reference  to  lake 
levels.  There  are  some  who  believe  long  term  lake  levels  are  cyclical  in 
nature  and  that  we  are  now  in  the  early  stage  of  a  low  level  cycle;  the 
conclusion  being  that  erosion  problems  will  be  minimal  in  the  period  ahead. 
The  International  Joint  Commission  reported  as  follows  in  their  study  of 
Great  Lakes  Levels: 


"A  hundred  years  of  record-keeping  has  indicated  no  regular, 
predictable  cycles  of  levels.  The  interval  between  periods 
of  high  and  low  water  can  vary  widely.  ----------- 

Wind,  combined  with  barometric  pressure  differences  can  cause 
unusual  local  water  level  changes.  The  effects  of  winds  and 
the  waves  they  generate  are  the  maj or  cause  of  damage  due  to 
flooding  and  shore  erosion.  Even  if  the  levels  of  the  lakes 
were  held  to  their  long-term  average,  flood  damage  would  still 
occur  in  periods  of  extremely  high  winds." 

Lower  lake  level  will  not  provide  the  answer  to  saving  the  Linwood/Nakomis 
sewer  line.  Even  with  Lake  Erie  within  a  few  inches  of  the  seventy-five 
year  average,  a  June,  1977  NE  storm  brought  the  waves  to  the  toe  of  the 
bluff  on  the  east  Linwood  beach  causing  more  erosion.  The  storm  was  not 
particularly  severe  compared  with  others  which  have  occurred  during  the 
summer  season  in  the  past.  It  should  be  noted  that  prior  to  the  storm 
there  was  approximately  one  hundred  feet  of  protective  sand  beach  in 
front  of  the  bluff. 

One  other  point  should  be  considered  with  respect  to  "average"  lake  level 
and  height  of  a  system  for  bluff  protection.  An  ENE,  NE,  or  NNE  storm 
lasting  twelve  hours  or  more,  and  this  is  not  uncommon,  can  cause  a  pile- 
up  of  water  at  the  Vermilion  area  reaching  six  feet.  Under  this  circum¬ 
stance  "average"  water  level  is  of  little  consequence;  serious  erosion 
is  inevitable. 


In  our  opinion  protection  of  the  sewer  line  is  not  only  critical  but 
urgent;  otherwise  it  will  be  bared  and  destroyed.  The  bluff  can  no 
longer  protect  it.  Some  mechanical  means  other  than  the  ones  we  have 
attempted  is  mandatory. 

Thank  you  for  this  opportunity  to  comment.  Should  further  information 
or  clarification  be  needed,  we  shall  be  glad  to  help. 

Sincerely , 


RSC :mas 


THE  LINWOOD  PARK  COMPANY 

R.  S.  Cheheyl  0 
President 
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City  of  Ve/imilum 

P  O  BOX  3 1 7 

VERMILION  OHIO  44069 


KulifcKT  SWANKfck 
('?.  Eti^intt-r 


June  22,  1977 


Dalton,  Dalton,  Little  and  Newport 
Arc  hi  tec  ts-Engineers-Planners 
3605  Warrensville  Center  Road 
Cleveland,  Ohio  44122 

Attention:  Charles  A.  Hill,  P.E.  Re:  Section  14  Shore  Erosion 

at  Linwood  Park  and  Elberta 
Beach  in  Vermilion 


Dear  Mr.  Hill: 

This  is  in  response  to  your  June  15,  1977  letter  on  the  above  subject. 

During  the  four  years  time  I  have  served  this  city  as  City  Engineer  I  have 
observed  continued  erosion  loss  of  land  in  the  vicinity  of  the  sewage  pumping 
station  on  the  north  side  of  Edgewater  Road  east  of  Niagara  Road  in  the  Elberta 
Beach  area  and  also  in  the  vicinity  of  the  intersection  of  Front  and  Maple  Streets 
in  the  Linwood  Park  area.  A  city  sanitary  sewer  runs  parallel  with  Front  Street 
just  north  of  the  pavement. 

On  October  21,  1976  I  wrote  to  the  Corps  of  Engineers  (Buffalo)  and  requested 
that  they  review  our  problem  of  the  potential  damage  to  or  loss  of  the  pumping 
station  and  sanitary  sewer. 


Sincerely  yours, 


// 


Robert  L.  Swanker,  P.E. 
City  Engineer 


RLS: jmb 
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Robert  Svaake r.  City  Engineer 
P.0.  Box  317 
Vermilion,  OH  44089 


sw/2143 
23  :iiy  J977 


Dear  Hr.  S wanker: 


The  purpose  of  tills  letter  la  to  lnfom  you  that  I  have  Initiated  a 
reconnaissance  investigation  for  possible  Federal  assistance  of  the 
erosion  problem  to  the  sanitary  sever  system  In  the  Elbert*  Beach  and 
<0.9*9,  Vcmiiuon,  OH* 


The  Corps  of  Engineers  lias  authority  to  provide  erosion  control  under 
Section  14  of  the  1946  Flood  Control  Act.  Under  thl9  authority,  all 
work  must  be  cnglneeriugly  feasible,  environmentally  sound  and  economi¬ 
cally  justified.  The  reconnaissance  Investigation  vill  determine  if 
the  Teaadial  measures  would  aeet  these  requirements .  The  expected 
completion  date  of  the  roconrioiseonce  Investigation  and  report  Is  August 
1977.  Ky  scoff  will  coordinate  with  the  non-Federal  Interests  to  explain 
the  necessary  assurances  and  requirements  that  might  be  needed  for  pro¬ 
posed  improvements. 


Sincerely  yours, 


DAH1EL  D.  LUDWIG 

Colonel,  Corps  of  Engineers 

Hance 

vF: 

District  Engineer 

Pieczynskl^ 

^.CBED-PP 

i.CERO 

Gilbert _ 

Robert  Tester,  Director 
Columbus,  OH  43224 

Liddell _ 

Walker 


Ludvig, 


sv/2143 

NCBEO-PF  7  April  1977 

SUBJECT:  Section  14  Reconnaissance  Report  Initiation  for 
Linwood-Elbenta  Beach,  Vemillion,  Oli 


Division  Engineer,  North  Central 
ATTN:  HCDPD-Ff 


1.  In  accordance  with  ER  1105-2-50,  a  reconnaissance  report  will  be 
prepared  for  Linwood-Elbenta  Deach,  Vermillion,  Oil  under  authority  of 
Section  14  of  the  1946  Flood  Control  Act. 

2.  Initiation  of  the  study  at  Vemillion  is  scheduled  for  May  1977 
with  the  expected  completion  date  of  July  1977.  The  cost  of  pre¬ 
paring  the  reconnaissance  report  la  estimated  not  to  exceed  $5,000. 


BYRON  C.  WALKER 

LTC,  Corps  of  Engineers 

Acting  District  Engineer 


/CF" 
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Pieczynski 

Gilbert _ 

Liddell _ 

Walker 


Ludwi 


bb/2143 


HCDED-PF  27  December  1976 


Honorable  Charles  A.  Mosher 
House  of  Representatives 
Washington,  DC  20515 


Dear  Mr.  Mosher: 

This  Is  in  reply  to  your  letter  of  13  December  1976  concerning  potential 
erosion  damage  to  the  sanitary  sewage  system  in  the  Linvood  Park  and 
Elberta  Beach  areas,  adjacent  to  Vermilion  Harbor,  OH. 

My  staff  has  recently  visited  the  area,  and  beach  surveys  were  taken 
during  December  1976.  The  field  inspection  and  survey  data  show  a 
marked  improvement  in  the  condition  of  Linwood  Beach  compared  to  that 
existing  during  the  past  summer.  The  Section  14  reconnaissance  study 
referred  to  in  your  letter  is  scheduled  to  be  accomplished  by  my  office 
in  Fiscal  Year  1978.  1  intend  to  closely  watch  the  situation.  If  the 

improving  trend  reverses,  1  will  consider  a  rescheduling  of  the  study. 

I  have  enjoyed  working  with  you  on  the  many  water  resource  problems  in 
your  district.  From  my  viewpoint,  you  have  served  your  constituents 
well.  It  is  most  gratifying  to  know  that  Bette  Welch  will  remain  in 
her  present  capacity,  and  you  may  be  sure  that  I  will  continue  to  work 
closely  with  Mr.  Pease. 

I  want  to  wish  you  a  happy  holiday  season  and  a  rewarding  and  enjoyable 
retirement . 

Sincerely  yours. 


DANIEL  D.  LUDWIG 
Colonel,  Corps  of  Engineers 
District  Engineer 

CF: 
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.i:jnocabie  Cna ci.ua  A.  Mosher 

Representative  In  Congrosa  Ludwig 

r'J  1..  2Uch  Street 
1a  rain,  O'.i  4  »v  >5 
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Pieczynakl  _ 

Gilbert  ______ 

Liddell  _ 

Walker 


\.,  a.  *  l  i  s 


JLi  iv.  i 


Congress  of  tljc  cilmlcu  Stales 

^Dousc  at  KciJicscnt.itiljfS 
ZIlnoIji»Qloii.  'D.C.  20515 


December  13,  197o 


.  mul  L'.  L ■  1  c 

Colonel,  District  Engineer 
Department  of  the  Army 
Buffalo  District,  Corps  of  Engineers 
1776  Niagara  Street 
Buffalo,  N V  1420  i 


/I  ft  flurno- 

wva  r>  r.  Jim 

(.  \t\ :  #  »ni 


a .  i ■  n«  •  *r 

:  « »  «  -  *,*..■  ..  ,  , 

O"  '  \  ^65 

(216)  2*1-19/2 

rm-  rm*  om*tZ>  *. 

UHL  DjROtHailMAN 
lui  v.  i  •»*  M**»«rr  Sr«KT 
SAHOWinT,  Ohio  44 §7 Q 
(419) *:j-7191 

COVMt  AUMIni  ,r«ATiOH  BuiLQlWli 
Mcoiha.  Ohio  44256 
(216) 729*4120 


Ml 

©AMUC  JH.  Oho  442t'l 

(216)  446*1001 


Lear  Colonel  Ludwig: 

Some  time  ago  we  were  in  touch  with  your  office,  to 
request  every  assistance  possible  to  co.u-rol  erosion  d/irjc.  in 
tiie  Vermilion  Harbor  area,  under  authority  the  Corps  has  by 
virture  of  Section  XIV  of  the  1946  Act. 

New  we  are  advised  that  the  sanitary  sewerage  system 
in  the  Lirwnod  Park  area  and  the  nlberta  Pencil  area,  adjacent 
to  Vermilion  Harbor,  will  suffer  considerable  da-one  in  the 
3  r  modi  a  to  months  ahead  if  shore  erosion  in  those  area,  rtp.-.iia 
uncontrol led . 


Please  accm:  this  letter  as  r/  urgent  rouaest  that 
your  office  undertake  tre  necessary  stuiy  to  do  turn no  the 
capability  cf  Section  XIV  at  the  earliest  possible  tire. 

I  am  aware  of  your  current  work  load,  and  very  mindful 
that  I  will  be  retiring  from  the  Congress  effective  January  3. 
With  this  in  rund,  I  respectfully  request  that  you  do  me  the 
favor  of  keeping  in  close  touch  with  my  successor,  Member-elect 
Con aid  J.  Peace,  to  keep  us  advis'd  as  to  what  yon  can  do  for 
Linwood  Park  and  Elbcrta  Beach.  Of  course,  you  can  continue  to 
call  upon  my  Administrative,  Assistant,  Bette  Welch,  who  will 
be  S'-rvir.q  ir.  that  same  capacity  with  Mr.  Pome. 

hope  wr  may  have  a  favorable  rep!;,  from  you  in 
onnl  v -girds. 

Sine' i*i  1'.  , 

/  :  \  \  \  -  ■  ■  1 
'  h —  \ 

Charles  A.  Mosher 

T\  '  •  r  *  ' '  t  *\  *■  '  —  *  ^  fr>"  : T  r ^  ^  ? 


the  v  - 1  y  r  ,'u  future.  Best  per,. 


( 


Mayor  Arthur  h.  Crow 


Tnir-  ■.  r at io*;rf» y  r,v intcp  on  r/.ern  mad:  v.itii  hcc.  .  clld  fidchc 
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NCDED-PF  15  November  1976 


Hr.  Robert  Svanker,  City  Engineer 
P.O.  Bos  317 
Vermilion,  OH  44089 


Dear  Mr.  SvtttJkar: 

'  This  is  in  reply  to  your  letter  of  21  October  1976,  requesting  assistance 
under  Section  14  of  the  1946  Flood  Control  Act,  to  control  erosion  damage 
to  the  sanitary  sewer  system  at  Llnwood  Park  and  Elberta  Beach. 

Dur 

preliminary  Investigation  indicates  that  Section  14  may  be  applicable. 
I  will  initiate  a  reconnaissance  study  to  determine  the  applicability  of 
Section  14  as  soon  as  my  present  workload  will  permit.  1  will  notify  you 
when  the  reconnaissance  study  is  Initiated. 


.Sincerely  yours. 


DANIEL  D.  LUDWIG 
Colonel,  Corps  of  Engineers 
District  Engineer 
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Col  one  1  l)--  ; c  1  L  :i vi  r 
l.S.  Army  Corps  of  Engineers 
Buffalo  District 
1776  Niagara  Street 
Buffalo,  Nc-v  York  14207 

Dear  Sir: 

Please  be  advised  that  it  appears  to  me  that  hoc. hire  of  continued 
natural  erosion  of  the  south  shore  of  hake  Erie  this  Citv  will  suffer 
damage  to  its  sanitary  sewerage  system  within  one  or  two  years. 

One  endangered  section  of  sewerage  parallels  the  lake  shoreline  in 
the  "Linwood  Park"  section  of  this  Citv. 

Another  endangered  facility  is  a  sewage  pumping  station  in  the 
"Klberta"  section  of  Vermilion. 

I  understand  from  Congressman  Mosher  that  the  Corps  has  authority 
to  provide  planning  and  financial  assistance  to  this  municipality  un  ler 
Section  14  of  the  1946  Flood  Control  Act. 

Kill  you  plcas.j  consider  this  problem  and  advise  me  as  t o  what 
further  steps  this  City  should  take  to  solve  this  problem  before  it  de¬ 
velops  into  an  emergency. 

Sincerely  yours. 


1  >  e  r  t  I  .  S:  uiker  ,  P  .  f  . 
Ti  •  v  Un,-  i noor 

Rl.S/ne  1  1 

e c  :  Hu w  r  L  c  r. .. . ■  ey  i. ,  Pros.,  L, iuw ock!  .  a r  k  Co  . 

Clerk  of  Council.  Vermilion  .  tv 


At  i.rK  .  A/- 


- 


bs/236 
28  March  1975 


NCBED-PS 


Robert  Swankea ,  City  Engineer 
F.  0,  Box  317 
Vermilion,  OU  44089 


Dear  Mr.  Swankea: 

The  purpose  of  this  letter  Is  to  advise  you  of  the  results  of  our 
25  February  1975  field  inspection  of  the  erosion  problem  at  the  Elberta 
Beach  Sewage  Pumping  Station.  _  • 

Our  preliminary  analysis  of  the  situation  Indicates  that  the  primary 
problem  is  caused  by  seepage  of  local  ground  water  through  the  face  of 
the  bluff.  The  bedding  material  around  the  abandoned  sever  outfall  is 
probably  acting  os  a  drainage  corridor  for  the  ground  water.  As  the 
face  of  the  bluff  becomes  saturated,  pieces  fall  to  tho  beach  and  are 
carried  away  by  lake  action. 

.  Since  I  have  no  authority  to  assist  you  in  this  matter,  1  suggest  that 
you  contact  the  local  Soil  Conservation  Service  Office  at  P.  0.  Box  546, 
Norwalk,  OU  44857,  for  technical  advice  in  correcting  the  problem. 


;*<>'•  v 

Vi-  < 


Sincerely  youra. 


BERNARD  C.  HUGHES 
Colonel,  Corps  of  Engineers 
District  Engineer 
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TABLE  OF  EXTREMES  ESTIMATES 

GRID  LOCATION  11.  7  LAT 541,57  t.ON  =  82.30  VERMILION  OH 

shoreline  grid  point  7 
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angle  CLASSES 


1 
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3 
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GRID  LOCATION  11.  7  LAT*41,57  |_ON*82.30  VERMILION  OR 

GRID  POINT  NUMBER  7 
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1.  This  is  an  analysis  of  probable  emergency  costs  which  would  be 
incurred  by  the  city  of  Vermilion  if  a  rupture  occurs  in  the  Linwood 
Park  sewer  interceptor  line. 


2.  The  sewage  interceptor  line  serves  300  homes,  and  it  is  assumed 
that  the  interruption  would  last  for  six  weeks,  or  until  an  alternate 
line  was  laid.  Using  the  1974  average  household  size  in  Ohio  of  3.06 
persons,  approximately  918  persons  would  be  affected. 

3.  The  initial  response  of  the  city  would  most  likely  be  to  bypass  the 
broken  interceptor  with  a  three-inch  fire  hose  and  one  pump.  This  would 
provide  for  continued  service  to  homes  "up-pipe"  of  the  break.  The 
cost  of  providing  hose,  pump,  flares,  lighting,  and  manpower  for  this 
action  is  estimated  at  $9,750. 

4.  The  homes  located  on  lateral  sewage  lines  would  require  additional 
emergency  facilities.  It  is  estimated  that  three  large  portable  sani¬ 
tary  facilities  would  be  necessary.  The  rental  fee  of  $1,500  for  each 
portable  latrine  includes  weekly  clean  up.  The  total  cost  of  rental 
and  manpower  is  estimated  at  $6,750. 

5.  The  remaining  needs  of  the  homes  on  laterals  (laundry,  washing, 
etc.)  would  be  met  by  pumping  through  a  holding  tank  to  a  truck  and 
transported  for  treatment.  The  cost  of  tank,  truck,  and  driver  ($460 
per  day),  lighting,  pump,  and  city  supervision  amounts  to  $20,700. 

6.  In  addition,  the  city  could  expect  to  incur  environmental  clean  up 
costs  and  health  testing  costs  of  a  magnitude  of  $10,000. 

7.  Therefore,  total  emergency  costs  would  approximate  $47,200.  If 
this  occurred  in  project  year  one  (1980),  the  average  annual  benefit 
to  emergency  costs  avoided  is  $3,150. 

8.  The  six  week  down  time  is  based  on  conversations  with  the  Vermilion 
City  Engineer,  Mr.  Swanker,  the  Wellsville  City  Engineer,  Mr.  Faquer, 
and  the  New  York  State  Department  of  Emergency  Preparedness.  Costs 
for  equipment  is  based  on  discussions  with  Buffalo  District  General 
Engineering  Section,  the  National  Guard,  and  local  suppliers  of  material. 

9.  The  relocation  cost  of  the  sewage  line  was  estimated  at  $30  per 
linear  foot  installed.  This  relocation  cost  of  $102,500  would  be  added 
to  land  acquisition  costs,  and  resetting  the  lateral  intercepts.  The 
total  relocation  cost  would  approximate  $142,500. 
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OPERATION  MAINTENANCE 
STATEMENT  OF  FINDINGS 


STATEMENT  OF  FINDINGS 


INTRODUCTION 


Operation  and  Maintenance 
Vermilion  Harbor,  Erie  County,  OH 


I  have  reviewed  and  evaluated,  in  light  of  the  overall  public  interest, 
documents  and  other  information  concerning  the  proposed  action,  as  well 
as  the  stated  views  of  other  interested  parties  relative  to  the  various 
practicable  alternatives  in  accomplishing  the  operation  and  maintenance 
of  Vermilion  Harbor,  Erie  County,  OH.  The  possible  consequences 
of  these  alternatives  have  been  analyzed  with  respect  to  environmental, 
social  well-being,  and  economic  impacts  as  well  as  engineering  feasi¬ 
bility. 

BACKGROUND 


Authorization 


The  existing  Federal  project  for  commercial  and  recreational  navigation 
at  Vermilion  Harbor  was  authorized  by  several  River  and  Harbor  Acts 
between  1836  and  1958,  and  was  constructed  in  stages.  Work  authorized 
by  the  1958  Act  was  completed  in  1973.  Harbor  navigation  project 
features  include  a  lake  approach  channel  (consisting  of  a  12-foot 
east  lake  approach  channel  and  an  8-foot  west  lake  approach  channel) 
a  12-foot  entrance  channel,  an  8-foot  river  channel,  parallel  east 
and  west  piers,  and  a  detached  breakwater.  The  harbor  is  maintained 
by  the  Buffalo  District,  Corps  of  Engineers. 

Coordination  and  Public  Involvement 


Extensive  coordination  was  maintained  during  the  preparation,  distri¬ 
bution,  and  review  of  the  Draft  Environmental  Impact  Statement  (EIS) 
for  the  operation  and  maintenance  of  Vermilion  Harbor.  During  the  pre¬ 
paration  of  the  Statement,  six  public  land  use  planning  agencies  were 
contacted  to  determine  the  relationship  of  the  proposed  action  to 
land  use  plans.  No  objections  were  expressed  by  responding  agencies. 

In  addition,  the  U.  S.  Department  of  the  Interior,  National  Park  Service, 
and  the  Ohio  State  Historic  Preservation  Officer  were  contacted  to 
identify  potential  impacts  of  the  proposed  action  on  cultural  resources. 
Neither  agency  indicated  objections  to  the  proposed  action.  The  U.  S. 
Department  of  the  Interior,  Fish  and  Wildlife  Service  and  the  Ohio 
Department  of  Natural  Resdurces  also  were  requested  to  identify  signi¬ 
ficant  fish  and  wildlife  resources  that  should  be  considered  in  plan¬ 
ning  harbor  maintenance  activities.  Responses  from  these  agencies 
were  used  in  developing  a  maintenance  schedule  that  will  result  in  the 
least  possible  disruption  to  significant  fish  spawning  activities  at 
Vermilion  Harbor.  The  U.  S.  Environmental  Protection  Agency  (USEPA) , 


1 


*T~ 


Region  V  provided  harbor  sediment  quality  data  that  was  used  In  deter¬ 
mining  environmentally  acceptable  methods  for  disposing  of  materials  to 
be  maintenance  dredged.  The  Draft  EIS  was  distributed  for  review  and 
comment  to  Federal,  State  and  local  Government  agencies  and  private 
organizations  and  individuals.  Copies  of  the  Draft  EIS  were  also 
sent  to  local  newspapers.  A  news  release  was  issued  stating  the 
availability  of  the  Draft  EIS  for  review  and  comment  by  the  general 
public.  Comments  on  the  Draft  EIS  from  coordinating  agencies,  groups 
and  individuals  were  carefully  considered  in  evaluating  the  proposed 
action.  Copies  of  all  coordinating  and  commenting  correspondence 
relative  to  the  project  are  included  in  Appendices  A  and  F  of  the 
Final  EIS.  Major  issues  related  to  harbor  maintenance  operations  that 
were  Identified  in  the  Draft  EIS  comments  are  as  follows: 

a.  The  U.  S.  Department  of  the  Interior  indicated  that  the  Draft 
EIS  proposal  to  dispose  of  restricted  disposal  sediments  in  the  harbor's 
authorized  Lake  Erie  disposal  zone  was  environmentally  unsound  due  to 
the  reintroduction  of  potentially  harmful  constituents  into  the  water 
column.  This  proposal  was  originally  suggested  in  the  July  1975  USEPA 
report  to  the  Buffalo  District  on  Vermilion  Harbor  sediment  quality. 

The  proposal  Included  dredging  and  open-lake  disposal  of  restricted 
disposal  sediments,  as  classified  by  USEPA,  and  then  dredging  and  open- 
lake  disposal  of  sediments  suitable  for  open-lake  disposal  in  order  to 
cover  the  moderately  polluted  materials  with  unpolluted  materials.  In 
view  of  the  Interior  Department's  reservations  about  the  proposal,  and 
since  no  maintenance  dredging  is  expected  to  be  required  in  the  entrance 
channel  zone  that  USEPA  designated  as  having  restricted  disposal  sedi¬ 
ments  (due  to  river  scouring  of  the  zone) ,  the  proposal  was  eliminated 
as  a  feature  of  the  maintenance  project.  If  it  is  necessary  to  remove 
sediments  from  the  restricted  disposal  zone,  such  materials  will  be 
disposed  of  in  the  Site  1  confined  disposal  facility  at  Huron  Harbor,  OH. 

b.  The  alternative  disposal  practice  of  using  unpolluted  sedi¬ 
ments  as  beach  nourishment  materials,  instead  of  open-lake  disposal 
of  such  sediments,  was  suggested  by  the  U.  S.  Department  of  Commerce, 
the  U.  S.  Department  of  the  Interior,  and  several  summer  residents  of 
the  Linwood  Park  development.  Long-term  updrift  disposal  at  beach 
areas  east  of  the  harbor  would  be  much  more  costly  than  downdrift  dis¬ 
posal  at  westward  beaches.  Furthermore,  updrift  disposal  is  not  practi¬ 
cal  under  existing  conditions  since  nourishment  materials  would  tend  to 
be  transported  back  into  the  navigation  channels  by  the  lake's  east-to- 
west  flowing  littoral  current.  Downdrift  (westward)  disposal  is  econo¬ 
mically  feasible.  However,  the  presence  of  the  municipal  water  intake, 
a  public  beach,  valuable  fish  habitat,  and  other  environmental  factors 
along  the  shoreline  immediately  west  of  the  harbor  are  critical  factors 
that  must  be  evaluated  with  respect  to  each  maintenance  dredging  operation. 
Therefore,  should  appropriate  local  interests  express  an  interest  in 


in  downdrift  disposal  for  a  particular  operation,  a  separate  environ¬ 
mental  assessment  of  the  proposal  will  be  prepared  and  an  appropriate 
course  of  action  will  be  taken. 

c.  The  Linwood  Park  Company  and  several  summer  residents  of  the 
Linwood  Park  development  expressed  opposition  to  the  Draft  EIS  proposal 
of  a  summer  maintenance  dredging  schedule  (any  six-week  period  between 
15  June  and  1  October)  due  to  the  potential  temporary,  indirect  effect 
of  dredging  activities  on  water  quality  at  beach  areas  immediately  adja¬ 
cent  to  the  harbor.  In  view  of  these  local  concerns  and  revised  harbor 
fishery  information  from  the  Ohio  Department  of  Natural  Resources,  the 
maintenance  dredging  schedule  was  changed  to  a  six-week  period  between 
15  September  and  15  December.  The  fall  maintenance  schedule  was 
coordinated  with  the  Ohio  Department  of  Natural  Resources  which  had 

no  objections  to  the  fall  period. 

d.  The  alternative  of  removing  the  existing  detached  breakwater 
as  a  means  of  reducing  shoaling  in  the  outer  harbor  and  the  resulting 
need  for  maintenance  dredging  was  suggested  by  the  Ohio  Environmental 
Protection  Agency,  the  Sierra  Club-Northeast  Ohio  Group,  and  several 
summer  residents  of  the  Linwood  Park  community.  While  the  removal  of 
the  breakwater  would  achieve  some  reduction  in  outer  harbor  shoaling 
and  the  scope  of  maintenance  dredging,  this  action  would  diminish  or 
eliminate  the  ability  of  the  total  project  to  achieve  its  ongoing 
objectives  (enhancement  of  commercial  fishing,  recreation,  and  navi¬ 
gation  activities;  provide  a  harbor  of  refuge)  as  well  as  reducing  or 
negating  qualitative  benefits  that  the  Vermilion  Port  Authority  attri¬ 
buted  to  the  presence  of  the  structure  in  its  November  1975  report  to 
the  Vermilion  City  Council.  These  benefits  include  a  reduction  of 
river  surge,  helping  to  control  harbor  water  levels  during  north  to 
northeast  winds,  providing  a  safer  harbor  entrance  during  storms, 
preventing  windrowed  ice  from  jamming  at  the  pier  heads,  allowing  ice 
to  flow  from  the  harbor  during  northeast  winds,  obligating  the  Corps 
to  maintain  the  harbor  up  to  the  Liberty  Avenue  Bridge,  and  providing 
a  protected  sportfishing  area  behind  the  breakwater.  In  view  of  the 
long-term  qualitative  benefits  that  would  be  lost  if  the  structure  were 
removed,  the  alternative  of  removing  the  existing  breakwater  for  the 
singular  purpose  of  reducing  the  scope  of  maintenance  activities  is  not 
presently  justifiable. 

In  addition  to  comments  on  harbor  maintenance  activities.  Draft  EIS 
commenting  letters  from  the  Linwood  Park  Cottage  Owners  Association 
and  summer  residents  of  the  Linwood  Park  development  expressed  con¬ 
cern  over  the  potential  effect  of  the  detached  breakwater  on  the  local 
environment.  One  of  the  local  interests'  primary  concerns  is  about 
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the  potential  relationship  of  the  breakwater  on  shoreline  erosion  east 
of  the  harbor.  On  6  October  1975,  the  District  Engineer  met  with 
Mr.  George  W.  Grossman,  a  resident  of  the  Linwood  Park  community, 
in  order  to  explain  the  Buffalo  District’s  Section  111  Study  of 
shoreline  changes  that  have  been  attributed  to  the  Federal  navigation 
project.  The  study  report,  dated  21  January  1976,  concludes  that  it 
is  not  now  possible  to  differentiate  between  shoreline  changes  to  the 
east  that  may  be  caused  by  high  lake  levels  and  those  that  may  be  attri¬ 
buted  to  the  detached  breakwater.  The  report  recommends  that  a  five- 
year  monitoring  program  be  undertaken  to  evaluate  the  effect  of  the 
detached  breakwater,  particularly  during  a  period  of  more  normal  lake 
levels.  A  supplemental  Section  111  Study  will  be  prepared  in  1981  based 
on  the  results  of  the  five-year  monitoring  program. 

Other  concerns  of  the  Linwood  Park  residents  Include  the  possible 
adverse  effects  of  the  detached  breakwater  on  the  public  water  supply, 
increased  beach  water  pollution,  ice  formation  in  the  harbor,  increased 
ice  jam  flooding  potential,  increased  flood  potential,  increased  shoaling 
in  the  Federal  and  private  lagoon  navigation  channels,  land  use  changes 
and  resultant  changes  in  occupancy  and  property  values,  and  Increased 
navigation  hazards.  The  Buffalo  District  will  Investigate  these  concerns 
in  an  Adverse  Impact  Study.  The  objectives  of  this  study  will  be  to 
review  all  previous  reports  on  Corps  programs  at  Vermilion,  conduct  an 
in-depth  investigation  of  adverse  effects  that  local  interests  have 
attributed  to  the  presence  of  the  detached  breakwater  in  order  to  verify 
the  validity  of  such  effects,  and  identify  alternative  solutions  or 
problems  requiring  additional  study.  The  study  report  will  be  in 
compliance  with  the  October  1975  Corps  draft  Environmental  Guidelines 
to  "review  periodically  the  operation  and  maintenance  of  completed 
projects  to  assure  that  environmental  quality  exists  consistent  with 
project  purposes."  Appropriate  recommendations  for  further  action  to 
resolve  the  community's  concerns  will  be  based  on  the  study  conclusions, 
which  will  be  available  in  1977. 

There  have  been  no  public  meetings  or  workshops  conducted  on  the  actual 
operation  and  maintenance  of  the  harbor.  On-going  public  Involvement 
will  be  achieved  in  compliance  with  the  regulation  described  in  33  CFR 
209.145.  Future  maintenance  dredging  operations  in  Vermilion  Harbor 
will  be  preceded  by  the  issuance  of  a  public  notice  as  required  by  this 
regulation.  The  public  notice  will  describe  the  proposed  maintenance, 
and  will  be  distributed  to  all  potentially  interested  parties  that  may 
desire  to  comment  on  maintenance  activities.  In  the  event  that  the 
commenting  parties  identify  any  significant,  adverse  environmental 
impacts,  the  proposed  work  will  be  reevaluated  and  a  course  of  action 
will  be  taken  that  is  in  the  best  overall  interest  of  the  public. 


SELECTED  PLAN 


The  selected  plan  of  action  Is  the  operation  and  maintenance  of 
Vermilion  Harbor,  which  is  described  in  detail  in  the  Final  EIS. 

The  harbor's  authorized  navigation  channels  will  be  periodically 
surveyed  with  a  survey  launch  to  determine  the  amount  of  shoaling 
and  sediment  deposition  in  the  authorized  maintained  channels. 

After  the  navigation  channels  have  been  surveyed,  a  dredge,  and 
attendant  scows  and  tugs,  will  be  used  to  remove,  transport,  and 
dispose  of  channel  bottom  shoals  and  sediment  deposits  that  have 
decreased  channel  depths  below  the  authorized  project  depths.  Mainte¬ 
nance  dredging  in  the  120-foot  east  lake  approach  and  lake  entrance 
channels  will  be  accomplished  by  one  of  the  Buffalo  District's  smaller 
hopper  dredges  whenever  it  is  feasible  to  do  so.  The  U.  S.  Dredge 
HOFFMAN,  which  has  a  light  draft  of  9  feet,  8  inches  and  is  based  at 
Cleveland,  will  be  used  in  these  channels  if  it  is  available  during 
the  harbor's  dredging  season.  Maintenance  dredging  in  other  portions 
of  the  harbor  will  be  performed  for  the  Corps  by  a  private  Contractor, 
using  a  shallow-draft  dredge  other  than  a  hopper  dredge,  or  by  a  Corps 
derrickboat  equipped  with  a  clamshell  bucket.  Based  on  the  District’s 
past  experience  in  maintenance  dredging  at  shallow-draft  harbors  similar 
to  Vermilion,  channel  maintenance  will  probably  be  conducted  with  either 
a  clamshell,  dipper  (or  backhoe) ,  or  cutterhead  dredge.  These  three 
dredge  types  are  usually  available  for  maintenance  work  on  the  Great 
Lakes  and  are  suitable,  to  varying  degrees,  for  efficient  and  econo¬ 
mical  work.  Dredging  operations  will  be  accomplished  only  in  those 
sectors  of  the  navigation  channels  where  significant  sediment  deposits 
have  accumulated.  Dredging  operations  will  continue  until  the  navigation 
channels  have  been  cleared  to  authorized  project  depths.  Upon  completion 
of  dredging,  the  harbor  will  be  resounded  to  determine  depths  in  the 
maintained  channels.  A  final  channel  survey  will  be  conducted  with  a 
sweep  float  to  locate  large  navigation  obstructions,  such  as  stone  from 
the  harbor  structures,  that  were  not  removed  during  dredging.  Identified 
obstructions  will  be  removed  by  a  derrickboat  and  placed  on  a  barge  for 
transport  from  the  project  area.  Routine  maintenance  dredging  is  expected 
to  entail  the  removal  of  approximately  24,800  cubic  yards  of  shoal  mate¬ 
rial  on  a  frequency  of  about  once  every  three  years.  Each  routine  dredging 
operation  will  take  about  six  weeks  to  complete,  and  will  be  conducted 
in  the  fall  between  about  15  September  and  15  December  whenever  possible. 

USEPA  has  classified  bottom  sediments  in  the  lakeward  section  of  the 
entrance  channel  and  the  lake  approach  channel  suitable  for  open-lake 
disposal.  Therefore,  a  total  of  approximately  20,000  cubic  yards  of 
dredgings  that  will  be  removed  from  these  channels  during  each  three-year 
routine  operation  will  be  disposed  of  in  the  harbor's  authorized  open-lake 
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dump  zone  in  Lake  Erie.  USEPA  has  classified  sediments  in  the  river 
channel  unsuitable  for  open-lake  disposal.  Approximately  4,800  cubic 
yards  of  dredgings  that  will  be  removed  from  this  channel  during  each 
routine  operation  will  be  deposited  in  the  Huron  Harbor  Site  1  diked 
disposal  facility.  USEPA  has  classified  sediments  in  the  inner  section 
of  the  entrance  channel  as  suitable  for  restricted  open-lake  disposal. 

The  restricted  disposal  zone  is  usually  kept  free  of  shoals  by  the 
natural  scouring  action  of  the  Vermilion  River.  Therefore,  no  mainte¬ 
nance  is  expected  to  be  required  in  this  zone,  and  no  restricted  disposal 
sediments  are  expected  to  require  removal  and  disposal.  However,  if 
shoaling  does  occur  and  it  is  necessary  to  dredge  restricted  disposal 
sediments,  such  materials  will  be  deposited  in  the  Huron  Harbor  Site  1 
diked  disposal  facility.  A  Final  Environmental  Impact  Statement  for 
Huron  Site  1  was  filed  with  the  Council  on  Environmental  Quality  on 
19  Novesiber  1973. 

The  harbor  piers  and  detached  breakwater  are  periodically  inspected 
to  determine  the  need  for  repair  work.  The  need  for  repair  results 
from  structural  damage  or  failure,  usually  caused  by  wave  and  ice 
action.  A  derrickboat,  barge  and  tug  vessel  will  be  used  to  accomplish 
structural  repair  and  maintenance  work.  Structural  maintenance  will  be 
performed  as  needed,  and  will  be  accomplished  during  the  summer  months 
of  the  year. 

The  selected  plan  for  the  operation  and  maintenance  of  Vermilion 
includes  several  operational  features  that  have  been  developed  to 
minimize  potentially  adverse  effects  of  maintenance  activities  on 
the  natural  and  human  environments.  For  example,  the  removal,  trans¬ 
port,  and  disposal  of  harbor  dredgings  will  be  controlled  to  minimize 
the  Impacts  of  these  operations  on  water  quality  and  aquatic  habitat 
in  affected  areas.  The  15  September  through  15  December  dredging 
period  will  avoid  interference  with  peak  activity  seasons  for  recrea¬ 
tional  boating,  swimming  at  adjacent  lakeshore  beaches,  and  significant 
local  fish  spawning  activities.  Environmental  protection  features  of 
the  selected  plan  are  described  in  detail  in  the  Final  EIS. 

ALTERNATIVES 

Eight  other  operation  and  maintenance  alternatives  were  considered: 

No  Action 

This  alternative  would  result  in  the  termination  of  navigation  channel 
and  structural  maintenance  activities  at  Vermilion  Harbor.  Although 
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this  alternative  would  eliminate  temporary  adverse  ecological  effects 
of  maintenance  activities,  the  impact  of  this  course  of  action  would 
be  to  initially  restrict,  and  eventually  prohibit,  navigation  in  a. id 
out  of  the  harbor.  This  would  have  a  most  significant  adverse  effect 
on  harbor-related  recreation  and  associated  local  and  regional  employ¬ 
ment  and  business  at  Vermilion. 

Maintaining  Alternative  Channel  Dimensions 

The  scope  of  maintenance  dredging  at  Vermilion  Harbor  could  be  reduced 
by  dredging  the  authorized  channels  to  lesser  depths  or  widths.  Such 
operations  would  be  technically  feasible  to  accomplish  and,  depending 
on  the  alternative  dimensions  considered,  would  probably  reduce  main¬ 
tenance  costs  due  to  a  reduction  in  materials  dredged.  Since  less 
material  would  be  removed,  short-term  adverse  effects  of  dredging  on 
water  quality,  aquatic  ecology,  and  harbor  recreation  and  related 
businesses  would  be  reduced  to  a  level  commensurate  with  reduced  dredg¬ 
ing  time  and  area.  However,  any  reduction  in  authorized  channel  dimen¬ 
sions  would  seriously  affect  the  harbor's  operational  viability  for  safe 
navigation  by  small  craft,  which  would  have  long-term  adverse  effects 
on  employment,  businesses,  service  and  retail  sales,  public  revenues, 
and  other  factors  indirectly  related  to  recreational  boating. 

Alternative  Dredging  Schedules 

Summer,  early  winter,  and  early  spring  dredging  periods  were  considered 
as  alternative  three-year  dredging  schedules.  Dredging  during  any  of 
these  periods  is  technically  feasible.  Costs  for  summer  dredging  would 
be  about  equal  to  those  for  the  selected  fall  dredging  period,  while 
costs  for  the  other  two  periods  would  be  substantially  higher  due  to 
contingencies  for  inclement  weather  and  related  hazardous  navigation 
conditions.  Early  spring  dredging  would  generally  result  in  the  same 
environmental  impacts  associated  with  the  selected  period,  while  early 
winter  operations  would  result  in  the  least  disruption  of  seasonal 
environmental  factors.  The  feasibility  of  early  spring  and  early 
winter  dredging  is  highly  questionable  due  to  the  likelihood  of  inclement 
weather  and  ice  formation.  Summer  operations  would  adversely  affect 
all  harbor-related  recreational  and  business  activities  during  peak 
activity  seasons,  and  is  opposed  by  local  interests  as  previously 
described.  Dredging  schedules  of  shorter  duration  could  be  imple¬ 
mented  if  the  frequency  of  dredging  was  increased  to  annual  operations. 
However,  annual  dredging  would  involve  mobilization  and  demobilization 
costs  three  times  greater  than  dredging  with  a  frequency  of  once  every 
three  years.  Furthermore,  environmental  effects  that  can  be  expected 
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to  occur  regardless  of  dredging  season,  duration,  or  frequency  (such 
as  turbidity  and  disruption  of  benthic  habitat)  would  occur  more  often 
if  dredging  was  conducted  annually. 

Land  Disposal 

Materials  removed  from  Vermilion  Harbor  during  maintenance  dredging 
could  be  deposited  in  abandoned  strip  mines,  quarries,  or  sand  and 
gravel  pits  or  used  for  agricultural  purposes.  The  cost  of  using 
dredgings  for  these  purposes  is  generally  prohibitive  due  to  the 
equipment  and  operational  costs  that  would  be  incurred  by  transporting 
dredged  material  over  extensive  land  distances.  An  upland  site  used 
to  contain  new  work  dredgings  in  1973  has  been  filled,  graded,  seeded, 
and  planted  with  trees  and  is  not  available  for  further  disposal  opera¬ 
tions.  Two  other  upland  disposal  sites  in  the  Vermilion  vicinity  have 
been  rejected  due  to  their  location  adjacent  to  a  streambed  and  the 
potential  leaching  problems  that  could  result  from  their  use.  There¬ 
fore,  at  this  time,  there  are  no  known  viable  on-land  disposal  sites 
in  the  Vermilion  area. 

Use  of  Unpolluted  Dredged  Material  for  Beach  Nourishment 

The  Corps  of  Engineers  has  authority  to  place  unpolluted  dredge  materials 
on  beach  areas  if  the  cost  of  this  action  does  not  exceed  the  cost 
associated  with  open-lake  disposal,  or  if  local  interests  will  bear  any 
additional  costs  associated  with  this  action.  Beach  nourishment  disposal 
may  be  technically  and  economically  feasible  to  accomplish  using  the 
harbor's  unpolluted  dredgings  (about  20,000  cubic  yards  per  routine 
operation)  from  the  lake  approach  and  entrance  channels.  As  previously 
discussed,  long-term  updrift  disposal  at  beach  areas  east  of  the  harbor 
is  neither  economical  nor  practical  under  existing  conditions  due  to  the 
tendency  for  updrift  materials  to  be  littorally  transported  back  into  the 
navigation  channels.  Deposition  in  downdrlft,  littoral  areas  west  of 
the  harbor  is  more  practical  since  nourishment  materials  would  be  littorally 
transported  away  from  the  harbor.  Downdrift  disposal  would  have  short¬ 
term  localized,  adverse  effects  on  aquatic  ecology  but  would  have  long¬ 
term,  beneficial  effects  on  shoreline  erosion  and  beach  areas.  There  have 
been  no  specific  requests  from  appropriate  downdrift  beach  interests 
regarding  investigation  of  the  use  of  unpolluted  dredgings  from  Vermilion 
Harbor  as  downdrift  beach  nourishment  material.  However,  should  appro¬ 
priate  local  interests  express  an  interest  in  the  implementation  of  a 
beach  nourishment  program  using  suitable  maintenance  dredgings,  the 
Corps  will  analyze  the  engineering  and  economic  feasibility  of  the 
specific  proposal,  and  a  separate  environmental  assessment  of  the  action 
will  be  prepared. 
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Modification  of  the  Harbor  Structures 


Structural  modifications  of  the  Vermilion  Harbor  breakwater  and  east 
pier  were  suggested  by  local  interests  as  means  of  reducing  the  scope 
of  maintenance.  In  its  November  1975  report,  the  Vermilion  Port  Authority 
suggested  storing  additional  stone  atop  the  east  pier  in  order  to  trap 
some  of  the  sand  that  is  presently  transported  over  the  pier  by  wind 
and  wave  action  (particularly  during  northeast  and  east  storms)  at  the 
beach  area  east  of  the  pier.  While  this  alternative  would  probably 
result  in  some  short-term  reduction  in  shoaling  in  the  outer  section 
of  the  entrance  channel,  it  would  eventually  result  in  shoaling  in  the 
east  lake  approach  channel  and  along  the  entire  length  of  the  entrance 
channel  as  the  build-up  east  of  the  pier  initially  moved  around  the  added 
stone  and  finally  overtopped  it.  In  the  long  run,  this  would  increase 
maintenance  dredging  requirements.  As  previously  discussed,  the  alter¬ 
native  of  removing  the  detached  breakwater  in  order  to  reduce  outer  harbor 
shoaling  was  suggested  by  State  and  local  interests.  In  addition,  the 
Vermilion  Port  Authority's  report  suggested  removing  a  submerged  section 
of  the  breakwater  to  permit  a  more  direct  flow  of  river  discharge  into 
the  lake.  Either  of  these  breakwater  modifications  would  be  expected 
to  reduce  outer  harbor  shoaling  and  the  scope  of  channel  maintenance  acti¬ 
vities.  However,  as  previously  discussed,  modification  or  removal  of  the 
structure  would  diminish  or  eliminate  the  ability  of  the  total  project 
to  achieve  its  ongoing  objectives  (enhancement  of  commercial  fishing, 
recreation,  and  navigation  activities;  provide  a  harbor  of  refuge)  as 
well  as  reducing  or  negating  the  benefits  that  the  Vermilion  Port  Authority 
attributed  to  the  presence  of  the  structure.  In  view  of  the  long-term 
qualitative  benefits  that  would  be  lost,  the  alternative  of  modifying 
the  existing  breakwater  for  the  singular  purpose  of  reducing  the  scope 
of  maintenance  activities  is  not  presently  justifiable. 

Control  of  Erosion 


Control  of  erosion  from  sources  in  the  harbor's  watershed,  along  the 
harbor  shoreline,  and  along  the  lakeshore  would  reduce  sediment  loading. 
Erosion  control  would  involve  programs  to  improve  agricultural  practices, 
construction  regulations,  and  land  use  management.  The  construction  of 
lakeshore  groins  east  of  the  harbor  was  suggested  in  the  Vermilion  Port 
Authority's  November  1975  report  and  in  Draft  EIS  comments  from  local 
interests.  While  the  aforementioned  practices  would  be  expected  to 
achieve  some  reductions  in  harbor  shoaling,  they  would  not  completely 
eliminate  the  need  for  future  dredging  in  Vermilion  Harbor.  Establish¬ 
ment  of  erosion  control  measures  would  require  a  lengthy  period  of  time 
to  implement  and  would  be  costly.  This  alternative  is  not  within  the 
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authority  under  which  the  operation  and  maintenance  of  the  harbor  is 
performed . 

Control  of  Sediment  Pollutants 


Treatment  of  sediments  by  chemical  means  to  allow  for  the  open— lake 
dumping  of  dredged  material ,  while  technically  feasible  for  small 
amounts  of  material,  is  economically  unrealistic  at  this  time  for  the 
quantities  of  polluted  sediment  to  be  removed  from  Vermilion  Harbor. 

A  long-range  goal  to  control  pollutants  would  be  the  implementation  of 
pollution  abatement  measures  throughout  the  Vermilion  region  to  reduce 
the  addition  of  toxic  and  nutritive  constituents  to  harbor  sediments. 
Such  measures  are  required  by  both  Federal  and  State  laws  and  could 
Include  upgrading  of  sewage  treatment  plants  and  use  of  settling 
basins  for  stormwater  discharges .  These  long-term  programs  are  the 
responsibility  of  local  municipalities  and  industries  and  are  beyond 
the  authority  under  which  the  operation  and  maintenance  of  Vermilion 
Harbor  is  accomplished. 

EVALUATION 


In  evaluating  the  selected  plan,  the  following  points  are  considered 
pertinent: 

Environmental  Conaldera t ions 


The  presence  of  maintenance  vessels  in  Vermilion  Harbor  will  result 
in  temporary  localized  adverse  effects  on  aquatic  ecology,  water 
quality,  and  air  quality.  Maintenance  dredging  will  be  conducted  in 
a  manner  that  minimizes  such  environmental  effects  by  confining  dredging 
to  shoaled  portions  of  authorized,  essential  navigation  channels  and 
preventing  overflow  spillage  of  dredgings  between  the  dredging  area  and 
disposal  sites.  Fall  dredging  will  eliminate  potential  Interference 
with  late-spring  and  summer  fish  spawning  in  the  harbor  area.  Open- 
lake  disposal  of  unpolluted  dredgings  will  result  in  some  temporary 
turbidity  and  slltation  of  aquatic  habitat.  Disposal  operations  of 
unpolluted  materials  will  be  controlled  to  minimize  adverse  environ¬ 
mental  effects  related  to  the  open-lake  disposal  of  unpolluted  materials. 
Polluted  sediments  will  be  disposed  of  in  the  Huron  Harbor  Site  1  diked 
disposal  facility  in  order  to  eliminate  adverse  water  quality  effects 
associated  with  the  open-lake  disposal  of  such  materials. 

Social  Well-Being 

Operation  and  maintenance  of  Vermilion  Harbor  will  insure  the  continued 
use  of  the  harbor  for  the  more  than  10,000  commercial  fishing  vessels 
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and  recreational  boats  tl  at  use  the  harbor  annually.  Adverse  social 
Impacts  associated  with  dredging,  such  as  interference  with  boating, 
are  short-term  and  infiequent.  Fall  dredging  will  eliminate  inter¬ 
ferences  during  the  local  peak  seasons  for  recreational  navigation 
and  swimming  activities  at  adjacent  beach  areas.  Social  benefits  accrue 
because  of  the  importance  of  harbor-generated  business,  employment,  and 
public  revenues  to  communities  and  regions  economically  linked  to 
Vermilion  Harbor.  The  estimated  average  annual  wholesale  value  of  fish 
expected  to  be  landed  at  Vermilion  Harbor  over  the  next  three  years  is 
$650,000.  The  operator  of  the  Vermilion  City  Water  Plant  will  be  speci¬ 
fically  notified  of  proposed  maintenance  operations  so  that  mitigative 
plant  procedures  can  be  formulated  and  operational  as  the  situation  may 
warrant.  No  cultural  resources  will  be  impacted  by  maintenance  activities. 

Engineering  Considerations 

The  use  of  various  types  of  maintenance  equipment  at  Vermilion  Harbor 
was  considered  in  terms  of  practicability,  cost  effectiveness,  and 
availability.  The  shallow-draft  dredge  and  support  vessels  were  found 
to  be  the  most  favorable  plant  for  channel  maintenance,  and  the  derrick- 
boat  and  attendant  vessels  the  best  suited  for  structural  maintenance. 

A  small  Corps  hopper  dredge  is  suitable  for  operations  in  the  12-foot 
channels.  Maintenance  dredging  and  structural  repairs  will  be  performed 
only  when  it  is  necessary  to  achieve  authorized  project  depths  or  to 
restore  the  physical  integrity  of  the  existing  harbor  piers  and  detached 
breakwater . 

Economic  Considerations 


Maintenance  and  repair  costs  are  dependent  upon  the  nature  of  shoaling 
in  navigation  channels,  the  extent  of  structural  repairs,  and  funding 
constraints;  therefore,  costs  can  be  expected  to  vary  from  year  to  year. 
Future  routine  maintenance  dredging  will  cost  approximately  $188,000 
per  operation,  or  $62,700  annually.  These  cost  estimates  can  be  ex¬ 
pected  to  vary  with  the  extent  and  nature  of  future  channel  shoaling. 
Future  structural  repair  costs  will  also  vary  with  the  condition  of 
the  harbor  structures. 

CONCLUSION 


In  conclusion,  I  find  that  the  determination  to  operate  and  maintain 
Vermilion  Harbor  in  the  manner  described  is  based  upon  a  thorough 
analysis  and  evaluation  of  the  various  practicable  alternatives  to  the 
proposed  action.  Wherever  adverse  effects  are  found  to  be  involved. 
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they  cannot  be  avoided  by  following  reasonable  alternative  courses  of 
action  which  would  achieve  the  purposes  specified  by  the  Congress. 
Accordingly,  it  is  my  decision  that  the  public  interest  would  best  be 
served  by  the  operation  anA  ii».<nha«aWna  of  Vermilion  Harbor, 

Erie  County,  OH. 


Date 


YARD  C.  HUGHES 


Colonel,  Corps  of  Engineers 
District  Engineer 
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STATEMENT  OF  FINDINGS 


Operation  and  Maintenance 
Vermilion  Harbor,  Erie  County,  OH 


I  concur  with  the  preceding  Statement  of  Findings. 


ZGp&sr-  10? 

*  DATE 


RQBPKT'L.  MOORE 
iWigadier  General,  USA 
division  Engineer 


I  concur  with  the  preceding  Statement  of  Findings. 


DATE 


Brigadier  General,  USA 
Deputy  Director  of  Civil  Works 
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September  1982 
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INFORMATION  MEETING  ON 
VERMILION  HARBOR  BREAKWATER  IMPACT  STUDIES 
SUMMARY  MINUTES 


An  information  meeting,  presided  by  Colonel  George  P.  Johnson,  Buffalo  District 
Engineer,  was  held  on  23  June  1982  in  Vermilion  at  the  Vermilion  High  School 
Auditorium  located  on  Sanford  Street,  Vermilion,  Ohio.  The  meeting  came  to  order 
at  8  o'clock  p.m.  with  a  slide  presentation  by  Colonel  Johnson,  which  lasted 
about  thirty  minutes.  After  outlining  the  steps  along  which  the  meeting  was 
conducted,  the  public  was  offered  the  opportunity  to  comment  on  them.  Mr.  Thomas 
Corrigan,  an  attorney  representing  Mr.  Grossman  and  other  residents  of  Linwood 
Park  took  the  opportunity  to  question  the  Colonel  on  what  kind  of  meeting  it  was. 
He  wanted  to  know  if  it  was  a  public  hearing  as  requested  by  his  clients  under 
33  CFR  327;  and  if  not,  why  was  it  denied?  The  Colonel  repeated  time  and  again 
that  the  meeting  was  a  public  meeting  conducted  in  the  same  manner  as  all  other 
Corps  public  meetings;  and  that  whether  one  calls  it  a  public  meeting  or  hearing, 
the  public  has  the  same  opportunity  to  discuss  the  issues,  make  statements,  and 
ask  questions  which  are  always  taken  into  consideration  when  final  recommendations 
are  made.  The  lawyer  seemed  not  satisfied  with  the  answer  and  asked  again  if 
his  clients  were  denied  a  hearing.  After  a  few  minutes  of  discussion,  the  Colonel 
said  I'll  have  my  counsel  respond  to  your  inquiry  on  33  CFR  327  because  of  its 
legal  aspect.  The  lawyer  advised  his  clients  not  to  make  any  statements  either 
pro  or  con.  Colonel  Johnson  advised  the  public  that  their  legal  rights  were  not 
denied  and  that  they  could  make  any  statement  or  ask  any  questions  on  the  studies 
if  so  desired.  He  held  up  the  reports  and  said  "We  are  in  a  draft  report  stage, 
and  if  anything  new  came  out  of  this  meeting,  whether  you  call  it  an  informational 
hearing  or  a  public  meeting  or  hearing,  I  still  would  be  in  a  position  to  change 
that  decision.  So  if  there  is  any  thought  out  there  that  because  we  are  calling 
it  an  informational  meeting  rather  than  a  public  meeting  or  some  other  type  of 
hearing,  if  you  think  for  some  reason  that  your  rights  are  somehow  denied,  let 
me  guarantee  you  that  is  not  the  case."  At  that  point,  the  Colonel  proceeded 
with  his  slide  presentation  which  was  a  convincing  presentation.  It  revolved 
around  the  history  of  the  project  development  going  back  to  the  1800's.  The 
ColoneL  discussed  the  natrjjial  shore  processes  involving  beach  erosion  and 
accretion  both  before  and  after  the  breakwater  construction.  He  concluded  that 
the  Bosch  system  had  accreted  as  evidencedby  the  return  of  Nakomis  Beach.  He 
cautioned  thougli  that  the  Beach  will  recede  at  times  when  high  lake  levels  and 
high  wind  conditions  prevail. 

On  the  question  of  ice  jam  flooding  he  repeated  the  fact  that  wind  rowing  (mounds 
of  ice)  at  the  river  mouth,  before  breakwater  construction  had  stopped  since 
construction  of  that  breakwater.  It  now  takes  place  lakeward  of  the  breakwater, 
which  lessens  the  potential  for  flooding.  He  clarified  his  recommendation,  to 
higher  headquarters,  to  deepen  the  entrance  channel  to  allow  the  larger  Coast 
Guard  vessels  to  enter  the  harbor  for  ice  breaking  operations.  He  said,  "My 
proposal  to  deepen  the  entrance  channel  is  not,  and  I  repeat,  not  a 

measure  to  mitigate  ice  jam  flooding  due  to  breakwater  construction.  Rather, 
it  is  in  response  to  a  changed  condition  at  Vermilion  Harbor,  namely,  the 
introduction  of  larger  Coast  Guard  vessels  that  the  Coast  Guard  tells  us  require 


a  greater  depth  of  water  for  safe  and  efficient  operation  .  •  .  the  Corps  would 
not  even  submit  the  report  to  Congress  for  construction  authorization  unless  a 
local  sponsor  requests  the  project  and  has  indicated  its  intent  to  provide  the 
items  of  local  cooperation." 

In  his  speech,  the  Colonel  pointed  out  that  the  studies  were  conducted  for  the 
most  part  by  an  unbiased  Consulting  firm  of  national  reputation  at  a  cost  of 
half  a  million  dollars  to  the  American  taxpayers.  He  exhibited  the  names, 
along  with  their  professional  credentials,  of  most  of  the  people  who  participated 
in  the  studies. 

Immediately  following  the  speech,  the  floor  was  open  for  comments.  Most  attendees 
refrained  from  making  statements  as  they  were  instructed  by  their  counsel.  How¬ 
ever,  one  of  them  did  make  a  statement  and  inquired  about  a  Corps  Panel  or  a 
neutral  body  other  than  the  Corps  to  hold  this  type  of  a  meeting?  The  Colonel 
said  no;  this  is  not  Corps  policy. 

The  question-and-answer  session  dominated  the  meeting.  Several  questions  were 
asked  and  answered.  They  revolved  around  the  same  general  complaints  the  Corps 
had  investigated  for  about  8  years.  The  typical  concern  was  beach  erosion,  beach 
pollution  and  ice  jam  flooding,  all  caused  by  the  presence  of  the  breakwater. 

One  of  the  participants  described  these  concerns  as  a  huge  public  outcry.  The 
Colonel  refuted  that  by  reading  the  statistics  compiled  by  the  District  on  the 
public  review  of  the  reports.  He  said,  no  negative  comments  were  received  from 
any  of  the  Federal,  state,  city  or  local  agencies  in  Vermilion.  Of  more  than 
300  private  citizens  reached,  only  0.09  mostly  Linwood  Park  cottage  owners  re¬ 
quested  a  hearing;  and  all  the  letters  were  consistent  letters.  So,  said  the 
Colonel,  "It  is  not  a  public  outcry.  It  is  small  compared  to  those  who  hav>_ 
expressed  an  interest  or  shown  any  interest  in  this  particular  project."  The 
meeting  adjourned  at  10:30  p.m. 

Attendees  ^corps) 

Colonel  George  P.  Johnson,  Corps  of  Engineers 

Donald  M.  Liddell,  Corps  of  Engineers 

John  Zorich,  Corps  of  Engineers 

Wiener  Cadet,  Corps  of  Engineers 

Denton  R.  Clark,  Corps  of  Engineers 

Ross  Fredenburg,  Corps  of  Engineers 

(over) 
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LIST  OF  ATTENDEES 


Col.  George  P.  Johnson,  Corps  of  Engineers 
Donald  M.  Liddell,  Corps  of  Engineers 
John  Zorich,  Corps  of  Engineers 
Wiener  Cadet,  Coips  of  Engineers 
Denton  K.  Clark,  Coips  of  Engineers 
H.  Koss  Fredenburg,  Corps  of  Engineers 
Diane  Milete,  Office  of  Congressnan  Pease 
Mary  Ann  Sloan,  Office  of  Congressman  Pease 
Grace  and  Walter  Waite 
Mrs.  Charles  A.  Waite 
John  R.  Keith 

Mr.  and  Mrs.  Jolin  J.  Horbaly 

Grace  Woods 

Dorothy  Jean  Lee 

Helen  Bell 

Arline  P.  Ford 

Anne  R.  Turner 

Frank  J.  Lee 

Martha  H .  Keith 

Ronald  Guy  Hetche 

Ruth  E.  Partington 

Nancy  Rothman 

Mark  Magnotto 

Thomas  J.  Long 

Martha  K.  Long 

Mark  and  Jackie  Williams 

Kathryn  N.  Kress 

Pamela  G.  Magnotto 

Bruce  A.  Chamberlin 

Toni  Krause 

Charles  C.  Hupp 

Billie  Jean  Holub 

Roberta  Eerns 

Ray  J .  Krause 

Thomas  G.  Williams 

Frank  J.  Holub 

G.  L.  Roth 

Nancy  A.  Symons 

Clarence  W.  Turner 

Donald  Parsons 

Frank  J.  Holub 

Dr.  Oliver  M.  Hackett 

Milan  Doering 

Mr.  and  Mrs.  Tom  S.  Williams 
Dr.  George  E.  Keidel 
Robert  W.  Eckley 
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E.  Valerie  Jenkins 

Judith  Lee  Alexander 

Albert  D.  Gilchrist 

E.  M.  Latteman 

Monica  Has 

Ann  Peters 

David  T.  Berns 

Kenneth  R.  Kress 

Phyllis  Grossman 

Bonnie  J.  Roberts 

Naoni  G.  Harding 

Barbara  L.  Scott 

Daniel  L.  Roberts 

Robert  J.  Scott 

Mr.  and  Mrs.  Donald  E.  Geiger 

Charley  Geiger 

Mr.  and  Mrs.  Claude  H.  Chisler 

Barbara  Coy 

Herbert  L.  Cooper 

Douglas  A.  Fox 

Sally  J.  Fox 

Margaret  H.  Adams 

Charles  G.  Adams 

Hobart  A.  Johnson 

Maxine  Kutza-Karl 

Mr.  And  Mrs.  Warren  Pres tel 

Suzanne  L.  Krueck 

Carol  J.  Koppin-Willett 

Linda  K.  Krueck 

Lois  H.  Cooper 

Mrs.  Charles  Green 

Francis  C.  Dreyer 

W.  B.  Dreyer 

William  E.  Dearth 

J.  W.  Rutledge 

Lois  K.  Rutledge 

Mr.  and  Mrs.  G.  R.  Thompson 

Ruth  E.  Peterka 

Herbert  Woods 

Julius  A.  Moes 

George  VJ.  Grossman 

F.  F.  Peterka 

Jane  Hetche 
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DEPARTMENT  OF  THE  ARMY 
BUFFALO  DISTRICT,  CORPS  OF  ENGINEERS 
1776  NIAGARA  STREET 
BUFFALO.  NEW  YORK  14207 


NCBPD-WR 


4  June  1982 


Dear  Participant: 

As  per  the  attached  Public  Notice,  the  Buffalo  District  invites  you  to  an 
Informational  Meeting  on  the  Vermilion  Breakwater  Impact  Studies  on 
23  June  1982  at  8:00  PM  at  the  Vermilion  High  School. 

Sincerely , 


OE^UfTE  T.  JOHNSON 
Colonel,  Corps  of  Engineers 
District  Engineer 
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US  Army  Corps 
of  Engineers 

Buffalo  District 


VERMILION  HARBOR 
INFORMATIONAL  MEETING 

This  is  to  announce  that  the  Buffalo  District  will  conduct  an  Informational 
Meeting  to  discuss  the  results  of  the  recently  completed  studies  on  the 
impacts  of  the  Vermilion  Harbor  Project  on  the  adjacent  areas.  Based  on 
the  comments  the  District  Engineer  received  from  the  public  review  of  the 
Vermilion  reports,  it  became  apparent  that  many  of  the  respondees,  particu¬ 
larly  those  in  Linwood  Park,  may  have  misinterpreted  the  study  results 
specifically  with  respect  to  ice-jam  flooding  and  shore  erosion.  The 
purpose  of  this  meeting  is  to  further  clarify  these  aspects  of  the  study. 


Who  should  attend 

Anyone  "interested  in  the  US  Army  Corps  of  Engineers  studies  on  the  impact 
of  the  detached  breakwater  in  Vermilion  Harbor,  Ohio 

Where  arid  when 

Vermilion  High  School 
1250  Sanford  Street 
Vermilion,  Ohio 

(See  map  on  reverse  side  for  meeting  location) 

Wednesday,  23  June  1982 
8:00  PM 


For  additional  information  contact:  Wiener  Cadet,  Project  Manager,  at 

(716)  876-5454,  extension  2276 

S.  Army  Corps  of  Engineers,  Buffalo  District.  1776  Niagara  Street,  Buffalo,  New  York  1420: 


Cowrit 


Ne 


from  the  Corps  of  Engineers , 
Buffalo  District 


1776  Niagara  Street 
Buffalo,  NY  14207 


FOR  INFORMATION  CONTACT 
Jessie  Whltefleld 
AC716  876-5454 


FOR  IMMEDIATE  RELEASE: 


June  8,  1982 


The  Vermilion  Breakwater  Impact  Studies  by  the  Corps  of  Engineers 
will  be  the  subject  of  an  Informational  Meeting  to  be  held  on 
Wednesday,  June  23rd  at  8:00PM  in  the  auditorium  of  the  Vermilion 
High  School  at  1250  Sanford  Street. 

Comments  received  by  the  District  Engineer  from  public  review  of 
the  recently  completed  studies  on  the  impacts  of  the  detached  breakwater 
in  Vermilion  Harbor  indicate  that  many  of  the  respondees,  particularly 
those  in  Linwood  Park,  may  have  misinterpreted  the  study  conclusions 
concerning  ice-jam  flooding  and  shore  erosion.  The  purpose  of  the 
meeting  is  to  clarify  these  aspects  of  the  study. 
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23  Sopte-iaber  1911 


Honorable  Donald  J.  raaso 
'.louse  of  Representatives 
Washington,  DC  20515 


Joar  -lr.  Pease: 

1  am  pleased  to  respond  to  your  letter  of  1  September  i90i  regarding  <*x .  Alex 
Angney's  inquiry  a3  to  the  current  status  of  our  studies  on  the  impacts  of  the 
breakwater  structure  at  the  entrance  to  Venal lion  Harbor. 

I  have  received  ail  the  programmed  technical  reports  which  have  been  prepared 
by  recognized  independent  consultant  liras  to  evaluate  each  alleged  area  of 
inpact.  Those  reports  arc  undergoing  final  assessment  by  my  engineering  staff 
in  preparation  for  development  oi  i  stage  3  Detailed  Project  Deport  (DPR). 

The  i-rn:t  OKI  will  be  completed  late  thi3  tail  and  will  formally  transmit  my 
recownendations  to  Dorth  Central  Division  lor  review  and  approval.  Alter  that 
wc  will  solicit  public  review  and  comment. 

The  potential  impacts  associated  with  ice- ism  i loading  and  shoreline  damages 
have  received  detailed  invest  ij.itlon,  most  recently  by  Ictra  Tech. ,  Inc. 

.lev lew  of  those  reports,  particularly  the  most  recent  one,  "Summery 
Evaluation  historical  Chore  aud  1  uf f  Changes,  Cast  of  Vermilion  harbor, 

Ohio,"  indicate  that  the  physical  evidence  does  not  prove  a  long-term  adverse 
impact  to  Lagoons,  Linvood ,  or  h'akoals  Deaches  associated  with  the 
breakwater.  The  Cast  Lin-wood  lark  and  Dakoais  Teaches  have  exper leuced 
significant  accretion  in  tue  last  tew  years  resulting  in  a  return  of  the 
pro-1970  beaches  associate!  with  the  pro- breakwater ,  low-water  period.  Tetra 
Cecil's  sunnnry  interpretation  is  ".  .  .  the  period  1977  to  1910  indicate  the 
fluctuation  and  trend  or  the  shoreline  in  the  three  segments  are  comparable 
to  that  shown  cor  the  pre-breakwater  periods.  This  further  indicates  that 
t  ru*  indue  nee  of  the  breakwater  on  the  iluctuations  and  trends  of  the  snore- 

II  r.e  east  of  the  cast  Tier  have  been  minimal  since  1 V 77." 

DCviousiy,  I  will  not  oasc  r.iy  rccomaseudat ion  on  a  single  quotation  but  intend 
to  fully  facor;>orate  all  the  professional  evaluations  and  measured  documen¬ 
tation  available  tc  develop  a  recommendation  -.bitch  is  lair  to  the  concerns  o£ 

:  r.  Ar.gney  and  others  in  Vermilion  and  also  honestly  interprets  the  federal 
Covernnent ’  s  -iorai  and  clr-.anciai  responsibilities. 


NCB2D-DC 

honorable  Donald  J.  Pease 
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Sincerely, 


CliORGE  P.  JOUNSOli 
Colonel,  Corp  of  Engineers 
District  Engineer 
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honorable  Donald  J.  Pease 
1936  Cooper-Foster  Park  Road 
Lorain,  OH  44053 
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Foley  _ 
Cadet 
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Hallock/Liddell 
Creeden 
Johnson 


PON  J.  PEASE. 

13th  District.  Ohio 


ADMINISTRATIVE  ASSISTANT! 
BILL  OOOLD 


%  1127  Lohowoitth  Building 
Washing  tom.  O.C.  20515 
(202)  225-5401 


COMMITTEE  ON 
WAYS  AND  MEANS 

SUBCOMMITTEE  ON  TRADE 
SUBCOMMITTEE  ON 
PUBLIC  ASSISTANCE  AND 
UNEMPLOYMENT  COMPENSATION 


Congress  of  tfje  flUmteb  States; 
^ouse  ot  &epre$entatibea 
JiUasfjington,  23.C.  20515 

September  1,  1981 


DISTRICT  OPT  1C  El 
ROBERT  RULLI 

1936  Coopt  a-  Foster  Parr  Road.  Lorain  U" 
(216)  262-3003 

PART-TIME  OrriCES: 

MRS.  DOROTHY  LITMAN 
157  Columbus  Avenue.  Sandusky 
(419)  625-7193 

County  Administration  Building  Medina 
(216)  725-6120 

Municipal  Building,  Barberton 
(216)  MB-1001 


Colonel  George  Johnson 
District  Engineer 

Army  Corps  of  Engineers  -  Buffalo  District 
1776  Niagara  Street 
Buffalo,  New  York  14207 

Dear  Cclonel  Johnson: 

Enclosed  is  a  copy  of  a  recent  letter  I  received  from  a 
constituent  of  mine,  Mr.  Alex  Angney  of  Vermilion,  Ohio.  I  am 
very  interested  in  receiving  a  report  on  where  matters  stand 
with  rescect  to  rectifying  the  long-standing  problems  attending 
the  breakwater  at  the  entrance  of  Vermilion  harbor. 

I  appreciate  your  cooperation  and  assistance  in  this 
important  concern  to  me  and  many  of  my  Vermilion  constituents. 

Sincerely  yours, 

DON  J.  PEASE 
Member  of  Congress 

DJP/yla 
Enel . 


wv  ,'Di'jTrn  ON  Pap;  h  *»•  a  f  W 1  1  14  I?  *"  r  v  n  r  r>  p  me? 

•v  *S  jf 


* 


•'A*gpr»  MNJWf 


MCDRE-B 


23  January  1981 


Subject:  Report  of  termination  of  instrument. 


TOR  RECORD  PURPOSES  ONLY 


You  are  hereby  notified  of  the  termination  of  the  following-described  instrument  in  accordance 
utth  the  terms  thereof: 

(a)  Symbol  number:  8ACA2 2-5—  79-1002 

( b )  Name  and  address  of  grantor: 

Vermilion  Laggons,  Inc. 

5419  Park  Drive 
Varwillon,  OH  44089 

(c)  Kind  of  instrument:  Inlaasa 

id)  Location:  Vermilion  Harbor,  Ohio 


(O  Effective  date  of  termination:  20  May  1979 
if i  How  terminated:  By  ita  tarns 

( g )  Compliance  with  conditions  of  instrument  as  to  location,  removal  of  property,  and  resto¬ 
ration  of  premises:  By  letter  dated  6  June  1979,  grantor  advlaed  that  no  damages 
vere  suffered  as  a  result  of  the  Government's  use  of  the  property.  Mo  formal 
release  will  be  obtained. 


TOR  THE  DISTRICT  ENGINEER: 


CARY  B.  PATERSON 

Statement  of  Damages  Chief,  Real  Estate  Office 

U.S.  Army  Engineer  District,  Buffalo 

Oislnhiitinn  as  ■  hr<  k*vl 

3Q  in.  i non  f-i;i nrrr.  Real  f.'-M/j  ATTN:  NCDRE-M 
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STATEMENT  OF  DAMAGES 


'UnJi.  C?  } 
(Date) 


District  Engineer 

U.S.  Army  Engineer  District,  Buffalo  N.Y. 
(Address)  1776  Niagara  St. 


In  re:  Vermilion  Harbor  Ohio  Sand  Pumping  Demonstration 

(Project) 

Lease  ffDACW22-5-79-lO02 


Dear  Sir: 

In  regard  to  your  recent  Sand  Pumping  Demonstration  on  ny  land  in 

The  Village  of  Vermilion,  Erie  County,  State  of  Ohio _ ,  I  wish  to 

advise  you  that: 

I  have  not  suffered  damages.  In  my  opinion,  the  Sand  Pumping  Demonstration 
did  not  cause  damage  to  the  above  property. 

a  I  have  suffered  damages  and  request  that  settlement  be  made  therefor. 

The  damages  are  more  particularly  described  as  follows: 


Ljjclis 

Wlpws) 

<1  y  *C> 

'  '(Addressif  ' 


77 1 - f  .Trustee 


Vermilion  Lagoons  Inc 

5419  Park  Drive _ 

Vermilion,  ’Ohio 440S9 


NCDRE-B 


23  January  1981 


Subject:  Report  of  termination  of  instrument. 


w 


FOR  RECORD  PURPOSES  ONLY 


You  are  hereb\  notified  of  the  termination  of  the  following-described  instrument  in  accordance 
with  the  terms  thereof: 

la)  Symbol  number:  DACT722-5-79-1003 

1 6)  Same  and  address  of  JPfflQFP:  Rtantor: 

Llnvood  Park  Company 
1070  Wilbert  Road 
Lakewood,  OH  44107 

(ci  Kind  of  instrument:  Inlease 

Ul)  Location:  Vermilion  Harbor,  Ohio 


ie)  Effective  date  of  termination:  20  May  1979 
(/>  How  terminated:  By  Its  terms 

Igi  Compliance  it  ith  conditions  of  instrument  as  to  location,  removal  of  property .  anti  resto¬ 
ration  of  premises:  By  letter  dated  13  June  1979,  grantor  advised  that  no  damages 
were  suffered  ns  a  result  of  the  Government  * s  use  of  the  property.  No  formal 
release  will  he  obtained. 


FOR  THE  DISTRICT  ENGINEER: 


,  ,  CARY  R .  PATERSON 

statement  of  Damages  Chief,  Real  Estate  Office 

U.R.A  rnry  Engineer  District,  Buffalo 
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STATEMENT  OF  DAMAGES 


(Date) 


District  Engineer 

U.S.  Army  Engineer  District,  Buffalo  N.Y. 
(Address)  1776  Niagara  St. 


In  re:  Vermilion  Harbor  Ohio  Sand  Pumping  Demonstration 

(T-oject) 

Lease  ^DACW22-5-79-.003 


Dear  Sir: 


In  regard  to  your  recent  Sand  Tumping  Demonstration  on  my  land  in 
The  Village  of  Vermilion,  Erie  County,  State  of  Ohio  ,  I  wish  to 
advise  you  that: 


rPKi  have  not  suffered  damages.  •• In  my  opnion, 
did  not  cause  damage  to  the  above  property. 


the  Sand  Pumping  Demonstration 


I  have  suffered  damages  and  request  that  settlement  be  made  therefor. 
The  damages  are  more  particularly  described  as  follows: 


pl . . 

[2  s' 

, President 

(/  (Witness) 

T. inwood  Park  Co. 

1070  Wilbert  f.oad 

« 

Lakewood ,  Ohio  44107 

(Address) 

A-l 


NCDRE-B 


23  January  1981 


Suhject:  Report  of  termination  of  instrument. 


wm*. 


for  record  purposes  ont.v 


You  are  hereby  notified  of  the  termination  of  the  follou  inp-desenbed  instrument  in  accordance 
with  the  terms  thereof: 

in)  Symbol  number:  DACT?22-5-79~1001 

tb)  Same  and  address  grantor: 

City  of  Vermilion 
P.0.  Box  317 
Vermilion,  OH  44089 

(oi  Kind  of  instrument  mi  eaae 

wl)  Location  Vermilion  Harbor,  Ohio 


i, -i 
'/> 


Kffectu  e  date  of  termination: 
How  terminated  By  its  terms 


20  May  1979 


UM  f  imphu  n  re  with  caiditi-ms  of  instrument  as  to  i  a  eat  ion.  re  mo  nil  ,if  property  .and  resto¬ 
ration  of  premises  By  letter  dated  5  July  1979,  grantor  advised  that  no  damages 
were  suffered  as  a  result  of  the  Government  use  of  the  property.  No  formal 
release  will  be  obtained. 

FOR  THE  DISTRICT  ENGINEER: 


GARY  B .  PATERSON 

Statement  of  Damages  Chief,  Real  Estate  Office 

U.S.  Army  Engineer  District,  Buffalo 

1  1  Am:  NCDRE-W 
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STATEMENT  OF  DAMAGES 


July  5,  1979 

(Date) 


District  Engineer 

U.S.  Army  Engineer  District, 

1776  Niagara  St. 

Buffalo,  NY  14207 


In  re:  Vermilion  Harbor  Ohio  Sand  Pumping  Demonstration 

(Project) 

Lease  if  DACW22-5-70-1001 


Dear  Sir: 


In  regard  to  your  recent  Sand  Pumping  Demonstration  on  my  land  in 
The  city  of  Vermilion,  Erie  County,  State  of  Ohio,  I  wish  to  advise 
you  that: 


I  have  not  suffered  damages.  In  my  opinion, 
did  not  cause  damage  to  the  above  property. 


the  Sand  Pumping  Demonstration 


I  have  suffered  damages  and  request  that  settlement  be  made  therefor. 
The  damages  are  more  particularly  described  as  follows: 
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United  States  Department  of  the  Interior 


FISH  AND  WILDLIFE  SERVICE 


in  >inv  urea  to: 


East  Lansing  Area  Office 
Manly  Miles  Building,  Room  202 
1405  South  Harrison  Road 
East  Lansing,  Michigan  48823 


Colonel  George  P.  Johnson 
District  Engineer 
U.  S.  Army  Engineer  District 
Buffalo 

177 G  Niagara  Street 
Buffalo,  New  York  14207 

Dear  Colonel  Johnson: 

This  is  the  U.  S.  Fish  and  Wildlife  Service's  preliminary  Fish  and  Wildlife  Coordination  Act 
Report  on  the  fisheries  impacts  associated-  with  your  proposal  to  relocate  the  Vermilion 
Harbor  open-lake  disposal  area.  This  report  has  been  prepared  under  the  authority  of  and 
in  accordance  with  provisions  of  the  Fish  and  Wildlife  Coordination  Act  (48  Stat.  401,  as 
amended;  16  U.S.C.  661  et  seq.)  and  in  compliance  with  the  intent  of  the  National 
Environmental  Policy  Act  of  1969. 

The  Buffalo  District  Corps  of  Engineers  is  undertaking  this  disposal  area  relocation 
investigation  at  the  request  of  local  residents.  Local  residents  are  concerned  that  beaches 
in  the  vicinity  of  Vermilion  Harbor  are  being  or  have  been  depleted  of  sand  and  believe 
that  if  the  disposal  area  was  relocated,  lake  currents  would  return  some  of  the  disposed 
sand  to  the  beach  areas. 

The  relocated  disposal  area  would  be  located  approximately  one  mile  to  one  and  one-half 
miles  east  or  1,500  to  2,000  feet  west  of  Vermilion  Harbor  in  water  depths  of  five  to 
fifteen  feet.  At  these  two  locations  water  depths  of  five  to  fifteen  feet  occur  within  600 
to  1,500  feet  of  the  shoreline. 

The  bottom  material  in  these  proposed  disposal  areas  consists  of  sand  and  gravel  with 
some  rock-rubble.  This  nearshore  zone  is  a  very  productive  area  and  is  used  as  spawning, 
nursery,  feeding  and  wintering  areas  by  a  variety  of  fish  species.  Fish  species  that  could 
be  expected  to  use  the  area  during  some  stage  of  their  life  cycle  include;  smallmouth  bass, 
white  erappie,  yellow  perch,  channel  catfish,  rock  bass,  green  sunfish  and  various  darters 
and  minnows.  The  degree  of  utilization  by  any  of  these  species  would  be  dependent  on  the 
water  depths,  bottom  type,  and  time  of  year;  i.e.  some  species  may  use  the  area  for 
spawning  while  other  species  would  use  it  as  nursery  or  feeding  areas  at  different  times  of 
the  year.  The  proposed  disposal  areas  also  contain  a  variety  of  phytoplankton, 
zooplankton  and  benthic  organisms.  The  specific  species  and  population  densities  would 
need  to  be  determined  by  an  intensive  site  specific  survey  of  the  proposed  disposal  areas. 

Many  factors  regarding  the  dredged  material,  the  disposal  operation,  and  the  disposal  sites 
must  be  considered  in  evaluating  the  fisheries  impacts  of  relocating  the  Vermilion  disposal 
site.  Factors  to  be  considered  may  be  grouped  under  the  following  basic  categories: 
physical,  biological,  and  chemical.  The  physical,  biological,  and  chemical  characteristics 
of  the  dredged  material  could  be  readily  determined  by  analysis  of  the  sediments.  The 
physical,  biological  and  chemical  characteristics  of  the  proposed  disposal  sites  and  the 
disposal  operation  could  be  determined,  but  at  a  considerable  monetary  commitment. 


Many  studies  have  been  conducted  regarding  the  affects  on  fisheries  of  open-water 
disposal  of  dredged  material.  Many  of  the  studies  have  concluded  that  some  of  the  effects 
are  temporary  (for  example,  turbidity)  while  other  effects  are  permanent  (smothering 
benthos  or  fish  eggs,  a  change  in  bottom  composition,  etc.). 

The  impacts  of  disposal  operations  on  fish  can  range  from  none  to  fatal,  depending  on  the 
species,  life  stage,  and  characteristics  of  the  disposed  material.  An  adult  fish  in  a 
disposal  area  may  avoid  all  impacts  during  the  actual  disposal  operation  by  moving  from 
the  area.  But  adult  fish  may  be  adversely  affected  if  they  later  return  to  the  disposal 
area  to  feed  on  contaminated  organisms  or  injest  contaminated  material.  Also,  adult  fish 
may  be  affected  if  their  preferred  food  organisms  are  covered  with  dredged  material  and 
they  must  seek  another  source  of  the  preferred  organism  or  find  an  alternative  food 
source.  Adult  or  juvenile  fish  may  be  adversely  affected  by  the  disposal  operation  if 
suspended  particles  of  disposed  material  damage  gill  filaments.  Eggs  or  larval  fish  in  the 
disposal  area  could  be  destroyed  or  injured  by  the  disposal  operation.  Fish  species  could 
also  be  impacted  by  the  loss  of  feeding  or  spawning  areas  outside  of  the  disposal  area  due 
to  lake  currents  which  move  the  disposed  material. 

An  excellent  source  of  information  on  the  effects  of  open-water  disposal  impacts  is 
contained  in  the  Corps  of  Engineers,*  Drfedged  Materials  Research  Program's  Technical 
Report  D-77-42,  Aquatic  Disposal  Field  Investigations,  Ashtabula  River  Disposal  Site, 
Ohio,  Evaluative  Summary  and  Appendices  A-C.  Since  these  investigations  were  site 
specific,  conclusions  drawn  may  not  be  applicable  to  the  Vermilion  open-water  disposal 
area. 

General  information  available  on  the  western  Lake  Erie  fish  and  wildlife  resources  in  the 
proposed  disposal  area  leads  us  to  believe  that  major  detrimental  impacts  could  occur  if 
dredged  material  was  deposited  in  the  proposed  disposal  areas.  If  you  anticipate  further 
study  of  this  proposed  relocation,  the  following  site  specific_data  must  be  obtained  in 
order  to  accurately  predict  the  impacts  on  the  fisheries  of  relocating  the  Vermilion 
disposal  area.  Data  that  must  be  obtained  includes  but  is  not  limited  to  the  following:  (1) 
an  accurate  description  of  the  location  of  the  proposed  disposal  areas,  (2)  a  chemical, 
biological  and  physical  analysis  of  the  dredged  material,  (3)  a  four-season  fishery  survey  of 
the  proposed  disposal  area,  (4)  a  detailed  survey  of  phytoplankton,  zooplankton  and  benthic 
organisms  in  the  proposed  disposal  areas,  and  (5)  a  description  of  the  nearshore  water 
currents  and  littoral  drift. 

We  look  forward  to  continued  coordination  regarding  the  proposed  relocation  of  the 
Vermilion  disposal  area. 


Sincerely  yours, 


Area  Manager 
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CITY  HAIL 
7M  MAIN  STREET 
VERMILION,  OHIO  44099 
AREA  CODE  216/96M517 


May  1,  1980 

Donald  M.  Liddell 

Chief,  Engineering  Division 

Department  of  The  Army 

Buffalo  District,  Corps  of  Engineers 

1776  Niagara  Street 

Buffalo,  New  York,  14207 

Dear  Mr.  Liddell: 

Thank  you  for  providing  copies  of  Tetra  Tech's  Draft  Report  of  April 
1980  to  each  member  of  the  Vermilion  Port  Authority. 

You  requested  our  comments  by  25  April  1980,  however,  some  of  us  did 
not  receive  our  copies  until  as  late  as  22  April  1980.  Even  though 
we  called  a  special  executive  work  session  on  24  April,  two  to  three 
days  did  not  allow  enough  time  to  properly  review  this  report  in  a 
manner  which  it  deserved. 

It  would  appear  to  us  that  Alternative  No.  3  would  be  our  choice  only 
because  of  the  benefit/cost  factor.  This  is  not  to  say  other  alter¬ 
natives  might  have  been  a  better  choice  over  the  long  term  had  we  had 
more  time  for  study. 

One  alternative  the  report  did  not  cover  that  might  be  worth  investi¬ 
gating  is  the  beach  nourishment  method  used  at  Cedar  Point  a  few  years 
ago.  Specially  shaped  solid  concrete  units  were  laid  end  to  end 
parallel  to  the  beach  which  trapped  sand  within  a  short  period  of  time 
resulting  in  a  wide  sandy  beach.  This  could  provide  a  buffer  zone 
between  the  water  line  and  the  bluffs.  These  units  were  manufactured 
by  Campbell  Construction  Company  of  North  Ridgeville  Ohio. 

Thank  you  again  for  your  consideration.  We  apologize  for  not  meeting 
your  deadline.  If,  in  the  future,  it  would  be  possible  to  allow  us 
at  lease  two  weeks  lead  time,  perhaps  our  review  and  comments  would 
be  more  meaningful. 

If  we  can  be  of  any  assistance  in  any  way,  please  contact  us.  The 
present  mambers  of  the  Vermilion  Port  Authority  are  interested  and 
eager  to  do  all  we  can  to  cooperate  with  the  Corps  of  Engineers  and 
see  Vermilion's  harbor  and  shore  line  improved. 

Sincerely, 

Warren  L.  Wood,  Chairman 
Vermilion  Port  Authority 
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DEPARTMENT  OF  TRANSPORTATION 

UNITED  STATES  COAST  GUARD  Ninth  Coast  Guard  District 

1240  East  9th  St. 

Ctevaland,  Ohio  44199 
Phona:  216-522-3981 

•16150 

1  April  1980 

Colonel  George  P.  Johnson 

bistrict  Engineer,  Buffalo  District 

Corps  of  Engineers 

1776  Niagara  Street 

Buffalo,  New  York  14207 

Dear  Colonel  Johnson: 

My  staff  has  reviewed  Tetra  Tech's  Draft  Report  of  Special 
Impact  Study  on  Ice  Jam  Flooding  in  Vermilion  Harbor,  Ohio 
(Feb  80).  We  offer  the  following  comments  with  regard  to 
the  icebreaking  proposals  within  the  Study: 

a.  A  75-foot  channel  is  extremely  narrow  for  transit 
by  an  icebreaker  with  a  38-foot  beam,  especially  when  un¬ 
marked  by  buoys.  At  the  least,  provision  for  a  range  may 
be  required  as  an  aid  to  safe  navigation  of  the  channel. 

b.  The  control  in  backing  of  a  140-foot  class  ice¬ 
breaker  is  poor  without  a  well-defined  stationary  track 
through  which  to  back.  Again,  the  75-foot  channel  would 
present  a  problem  under  most  ice  conditions. 

c.  From  an  icebreaking  standpoint,  a  breach  detached 
breakwater  (Alternative  2)  would  have  advantages  (e.g.,  a 
straight-in  approach,  and  probably  less  need  to  maneuver 
shoreward  of  the  breakwater).  However,  the  effectiveness 
of  that  alternative  in  preventing  flooding  would  not  appear 
any  better  than  that  of  2B. 

d.  As  has  always  been  the  case,  wind,  temperature, 
snow  cover,  river  volume,  and  the  level  of  Lake  Erie  wil* 
be  factors  in  the  success  of  each  individual  icebreaking 
attempt. 

e.  We  concur  with  the  Study's  suggestion  that  the 

City  of  Vermilion  upgrade  its  local  flood  relief  capabilities 
to  whatever  degree  possible. 

Thank  you  for  the  opportunity  to  comment  on  the  Study. 

Sincerely- 


R.  A.  BAUMAN 

Captain,  U.  S.  Coast  Guard 
Chief,  Operations  Division 
By  direction  of  Commander, 
Ninth  Coast  Guard  District 
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April  10,  1979 

OHIO  DEPARTMENT  OF  NATURAL  RESOURCES 
PUBLIC  HEARING  STATEMENT 


Demonstration  Project  for  Artificial  Transport  of  Sand 
From  Lagoons  Beach  to  Linwood  Beach,  Vermilion,  Ohio 
(Buffalo  District,  Corps  of  Engineers) 


Good  Evening 


,  members  of  the  Buffalo 


District,  Corps  of  Engineers  staff,  public  officials,  and  ladies  and 


gentlemen. 


Tne  Department  of  Natural  Resources  is  in  concurrence  with  the  proposed 

demonstration  of  artificial  sand  transport  at  Vermilion,  Ohio.  It  should 

be  noted  that  this  demonstration  project  is  not  in  conform^e  with  the 

general  policies  of  the  state  regarding  utilization  of  materials  within 

the  littoral  (or  near  shore)  zone  of  Lake  Erie.  However,  the  anticipated 
■:xlt 

-e-ffeet-of  this  demonstration  project  is  to  determine  the  effectsof  artifi¬ 
cial  sand  transport  to  compensate  for  natural  littoral  processes  that  would 
occur  in  the  absence  of  man-induced  changes  in  the  littoral  system. 

The  proposed  action  by  the  Buffalo  District,  Corps  of  Engineers  will 
help  to  answer  questions  of  importance  to  the  Department  of  Natural  Resources 
which  may  have  implications  elsewhere  in  the  Lake  Erie  coastal  zone.  A 
careful  monitoring  of  this  project  should  supply  data  of  great  value  to 
regulatory  and  resource  management  agencies,  and  will  improve  the  planning 
and  design  of  future  water  resource  projects. 

The  Department  will  continue  to  coordinate  with  the  Corps  of  Engineers 
regarding  specific  aspects  of  the  proposed  demonstration  project. 


Thank  you. 


153  Pickwick  Drive 
, Northfleld,  Ohio,  44067 
April  9,  1979 


Col.  Daniel  Ludwig 

District  Engineer 

Department  of  the  Army 

Buffalo  District,  Corps  of  Engineers 

1776  Niagara  Street 

Buffalo,  few  York  14207 

Dear  Col.  Ludwig: 

T\.ls  letter  is  comment  for  the  Public  Hearing  to  be  held  at  Vermilion,  Ohio 
on  April  10,  1979. 

The  Lirwood  Park  Cottage  Owners  Association,  representing  the  cottage  owners 
in  Linwood  Park,  is  strongly  in  favor  of  the  proposed  demonstration  project 
for  artificial  transport  of  sand  from  Lagoons  Beach  and  the  East  navigation 
channel  to  Linwood  Beach.  We  support  the  methods  suggested  and  are  in 
agreement  with  the  time  schedule  proposed.  We  do  not  expect  any  significant 
adverse  environmental  effects  -  only  improvements  to  the  environment  I 

We  certainly  appreciate  the  positive  vote  on  this  suggestion  by  the  members 
of  the  Lagoons  Association  and  their  understanding  of  the  need  for  cooperation 
between  community  groups. 

I  think  it's  important  to  point  out  that  the  people  using  Linwood  Park  Beach 
are  not  the  only  ones  who  will  benefit  from  this  Demonstration  Project. 

It's  been  apparent  for  several  years  now  that  the  massive  accumulation 
of  sand  at  the  East  pier  causes  the  East  navigation  channel  to  be  filled 
with  sand.  Removing  this  sand  accumulation  and  placing  it  updrift  -will 
provide  the  benefits  of:  reduced  need  for  dredging,  a  deeper  East  channel, 
an  easier  access  of  the  Coast  Guard  ice  breaker  into  Vermilion  Harbor,  and, 
therefore,  less  likelihood  of  ice- jam  flooding. 

We  request  that  you  consider  placing  part  of  the  sand  that  is  moved  directly 
against  the  bluff  overlooking  the  proposed  nourishment  area.  This  bluff 
was  badly  eroded  two  years  ago  when  there  was  no  sand  in  this  area.  Placing 
sand  against  this  bluff  will  prevent  further  sliding,  loss  of  trees  and  crass 
cover,  and  can  provide  protection  for  the  sewer  line  that  is  buried  in  the 
edge  of  the  bluff. 

In  summary,  we  appreciate  that  the  Corps  of  Engineers  recognizes  this  c-rrsion 
problem  and  is  willing,  at  considerable  expense,  to  propose  corrective 
measures.  If  the  Demonstration  Project  Is  successful,  we  would  support  a 
regular  program  of  sand  transport  in  order  to  stabilize  this  beach. 

Yours  very  truly, 

David  T.  Berns,  Vice-president 
Linwood  Park  Cottage  Owners  Assn. 


f  (  ■ 

The  Linwood  Park  Co. 
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ON  LAKE  ERIE 
VERMILION,  OHIO  44089 

April  5,  1979 


Buffalo  District,  Corps  of  Engineers 
1776  Niagara  St. 

Buffalo,  New  York  14207 

References  Demonstration  Project  for  Artificial  Transport 
of  Sand  from  Lagoons  Beach  to  Linwood  Beach. 


Gentlemens 

There  follows  our  comment  on  the  Environmental  Assessment  dated 
Ilarch  1979  covering  the  above  references 

1 .  Assuming  the  temporary  easement  to  be  requested  by  the  Corps  of 
Engineers  i3  acceptable,  particularly  with  reference  to  personal  injury 
liability,  we  support  the  project  and  will  give  it  our  full  cooperation. 

2.  In  our  meeting  with  the  Corps'  representatives  on  February  20,1979 
we  asked  whether  the  sand  dredged  and  transported  to  our  beach  would  be 
free  of  pollutants  which  might  be  dangerous  or  offensive  to  persons 
using  the  beach.  We  felt  the  answer  given  at  that  time  was  net 

entirely  responsive  to  our  question.  Further,  there  is  no  reference  to  ^ 
this  potential  problem  in  the  Environmental  Assessment.  u 

3.  What  assurances  can  you  give  that  the  sand  transported  will  be  r> 

acceptable  from  the  standpoint  of  harmful  pollutants?  We  believe  the  \ 

sand  deposited  in  the  primary  and  secondary  borrow  areas  was  relatively 
pollution  free  when  deposited.  There  is  concern,  however,  about  what  ' 

pollutants  may  have  been  added  to  the  sources  after  they  were  deposited  . 

For  example,  what  may  have  been  the  effect  of  back-wash  of  river  dis-  ^ 

charge? 

We  respectfully  suggest  that  reasonable  testing  of  the  sources  prior 
to  transport  is  in  order  if  such  testing  has  not  already  been  done. 
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Very  truly  yours, 
The  Linwood  Park  Co, 

R,  S 

R.S.  Cheheyl 
President 


March  15,  1979 


Dept,  of  the  Army 

Buffalo  Dist.,  Corps  of  Engineers 

1776  Niagara  St. 

Buffalo,  NY  14207 

Subject:  Section  III  Alternative  2  Proposal,  Hydraulically 
Pumping  Sand  From  East  Pier  Fillet  at  Lagoons 
Beach  to  Linwood  Beach  at  Vermilion,  OH. 

Dear  Colonel  Ludwig: 

The  Vermilion  Lagoon  Trustees  have  finally  received  the 
necessary  approvals  for  this  demonstration  project,  but  we 
are  advised  by  our  legal  council  to  have  you  submit  an 
appropriate  easement.  You  know  exactly  what  is  required 
and  we  can  review  this  with  our  council  and  obtain  quicker 
approval . 

As  discussed  in  the  meeting  at  Linwood  Park  on  February  20, 
1979,  and  discussed  with  your  Project  Manager  -  Mike  Hojnas 
there  are  a  number  of  items  of  concern. 

1.  Project  completion  to  be  before  May  21,  1979,  since 
Decoration  Day  weekend  May  25th. the  Lagoons  hold  an 
annual  beach  party. 

2.  Dredging  between  8:00  AM  and  8:00  PM. 

3.  Clean  up  of  beach  areas  and  maintenance  of  equipment. 

4.  Safety  measures  to  be  adhered  to. 

5.  Sand  contours  of  beach  to  be  maintained  or  altered  per 
approval  of  trustees. 

He  will  look  forward  to  receiving  your  easement  agreement. 


Very  truly. 


CCB/jw 


Calvin  C.  Blackman 
Vermilion  Lagoons  Trustee 
Chairman 
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Meeting  at  Vermilion,  OH,  11  Oct  78,  to  Discuss 
Sections  14  and  111  Studies 


'Memo  for  Record 


FROM 


NCBDE 


DATE 


CMT  1 


17  Oct  78 
COL  Ludwi g/jf/220ri 


l.  I  met  at  the  Town  Hall  on  11  Oct  78  at  the  invitation  of  Mayor  Jim  L.  Odom  to 
discuss  alternative  courses  of  action  regarding  erosion  in  the  vicinity  of  Vermilion 
Harbor.  In  addition  to  members  of  the  City  Council,  representatives  of  the  Linwood 
Park  Company,  Linwood  Park  Cottage  Owners  Association,  Vermilion  Port  Authority, 
and  Ohio  Department  of  Natural  Resources  were  present.  Accompanying  me  were 
Ron  Guido  and  Mike  Wojnas. 


2.  I  indicated  that  the  purpose  of  this  meeting  was  to  obtain  acceptability  of 
local  and  interested  officials  concerning  tentative  recommendations  that  I  have 
made  regarding  our  Sections  14  and  Section  111  Studies  at  Vermilion.  Since  I  need 
to  forward  recommendations  on  both  of  these  studies  to  NCD,  I  specified  that  1 
need  to  be  aware  of  local  acceptance  or  nonacceptance  of  the  various  alternatives 
available. 

3.  The  first  item  that  we  discussed  concerned  placing  of  dredged  material  upon 
Nakomis  and  Linwood  Beaches.  We  have  approximately  6,000  c.y.  to  be  dredged  this 
Fall  which  I  indicated  I  would  not  place  upon  those  beaches  for  two  reasons; 
first,  the  material  contains  a  majority  of  silt  and  clay  which  is  unsuitable  for 
beach  replenishment,  and  secondly,  it  would  be  impossible  for  me  to  transport  that 
material  due  to  restrictions  in  existing  regulations.  I  also  pointed  out  that  there 
is  insufficient  material  available  to  have  any  reasonable  impact  upon  the  beaches. 
After  some  discussion  the  group  accepted  my  decision. 

4.  I  then  brought  up  the  subject  of  the  Section  14  Studies.  The  Linwood  Park 
Cottage  Owners  Association  definitely  stated  that  they  would  have  nothing  to  do 
with  the  stone  revetment.  We  closed  discussion  on  this  topic  when  I  advised 
Mayor  Odom  that  I  would  like  a  letter  of  intent  from  him  as  local  assurer  on  this 
project.  He  indicated  that  he  would  inform  me  whether  he  would  provide  assurances 
for  both  the  Alberta  Beach  and  Linwood  Park  portions,  or  for  just  the  Alberta 
Beach  portion. 

5.  We  discussed  the  various  options  that  have  been  presented  in  our  Syllabus  for 
the  Section  111  Study.  I  made  it  clear  that  any  of  the  structural  alternatives 
would  require  participation  of  local  interests  since  the  costs  could  not  be  totally 
borne  by  the  Federal  Government.  Since  representatives  of  the  Lagoons  Association 
were  not  present,  I  was  unable  to  determine  if  that  organization  would  consider  our 
Alternative  2  which  envisions  the  pumping  of  sand  from  Lagoons  Beach  to  Nakomis- 
Linwood  Beaches.  At  the  end  of  the  discussion  on  this  topic,  I  summarized  tttat 
those  present  would  be  agreeable  to  either  our  Alternative  2  or  Alternatives/ 
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Colonel  Daniel  D.  Ludwig 
U.  S.  Army  Corps  of  Engineers 
Buffalo  District 
1776  Niagara  St. 

Buffalo,  New  York  14207 


George  W.  Grossman 
17125  Amber  Drive 
Cleveland,  Ohio  44111 

August  31 ,  1978 

STATEMENT  TO  PUBLIC  MEETING 
ON  VERMILION  HARBOR 


Dear  Colonel  Ludwig: 

The  Vermilion  Harbor  breakwater  has  been  a  very  poor  investment  for 
the  public  because  (l)  the  benefits  predicted  for  the  project  have  always  been 
greatly  overest ima ted ,  and  (2)  the  social  and  environmental  costs  resulting 
from  the  breakwater  were  not  considered  prior  to  construction. 

Projec ted  Benef i ts  from  Mod i fy i ng  Vermi 1  ion  Harbor 

The  first  public  hearing  on  the  recent  changes  to  Vermilion  Harbor 
was  held  33  years  ago  on  May  3,  1945.  At  that  meeting,  the  mayor  stated  that 
the  village  was  unable  to  contribute  anything  for  changing  the  harbor.  Many 
of  the  local  citizens  were  unwilling  to  pay  even  a  portion  of  the  cost  because 
they  did  not  envision  any  benefits  from  changing  the  harbor.  The  events  of  the 
past  five  years  have  proved  that  this  initial  local  evaluation  was  accurate. 

In  1958,  when  Congress  authorized  the  breakwater,  the  Corps  estimated 
annual  benefits  totaling  $107,700  as  follows: 

50v  Net  Profit  on  increased  fish  catch  $10,100 
Savings  on  losses  of  fish  nets  9,900 

Benefits  to  recreational  boaters  77,700 

Harbor  of  refuge  10,000 

Congress  was  told  that  58£  of  this  $107,700  in  benefits  were  "general 
benefits  to  be  realized  by  the  nation  as  a  whole",  when  any  effect  is  obviously 
purely  local.  It  is  of  interest  that  the  benefits  from  "the  increased  ease  and 
convenience  afforded  existing  navigation"  were  classified  as  intangible  and  not 
given  a  monetary  value. 

In  1971,  with  plans  and  cost  estimates  completed,  the  Corps  stated 
that  the  1956  project  costs  of  $853,000  had  inflated  106'4  to  $1,757,000.  Con¬ 
sequently,  the  benefits  were  also  inflated  from  $107,700  to  $229,000  at  March, 
1971  price  levels.  The  validity  of  the  $229,000  benefit  estimate  was  questioned 
by  the  Office  of  the  Chief  of  Engineers  on  20  January,  1972.  Thereupon,  the 
Buffalo  District  revised  their  estimate  of  tangible  benefits  on  16  May,  1972 
to  the  fol lowing: 


Commercial  fishing  benefits 
Recreational  boating  benefits 
Harbor  of  refuge  benefits 
Total  Annual  Benefits 


$  23,200 
442,700 
10,000 
$475,900 
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Ail  ol  benefit  estimates  luck  credibility.  Even  Uu*  Corps  has 

j'>.  1  the  $229,000  annual  benefit  estimate  in  the  recently  issued  Section  111 
.\llabus  in  lieu  of  the  $475,900  estimate.  Apparently,  the  public,  the  Corps, 
a:  Congress  do  nut  expect  an  accurate  accounting  when  constructing  public  works 
with  U.  S.  Treasury  funds.  They  look  only  for  justification  of  the  project. 
However,  the  Vermilion  breakwater  is  now  assessing  us  with  very  real  and  tangible 
cos  is  to  restore  eroded  beaches,  control  pollution,  and  minimize  flood  damage. 

]_t  i_s  t  i  me  to  assess  bene  fits  i  n  a  way  tha  t  t  lie  pub  I  i  c.  can  accept  them  as 
credible. 


The  Ac  tu.,J  BynotjUs  to  Nav i ga l i on  f  rom  t_it£  Breakwater 

1.  f  ir-rcin  1  Fish  nig  lam)  i  ble  Benefits  -  None.  There  are  no  increased 
fish  catches  or  nets  to  be  saved  because  of  the  breakwater.  Commercial  fishermen 
had  a  perfect  safety  record  at  the  harbor  entrance  for  about  60  years  prior  to 
tiie  breakwater.  Lake  trie  commercial  fishermen  are  skilled  and  weather-wise. 

They  listen  to  the  weather  radio  and  make  harbor  before  lake  conditions  become 
hazardous . 

2.  Recreat iona 1  Boat ing  Tangible  Benefits  -  None.  Vermilion  recre¬ 
ational  boaters,  for  the  most  part,  are  also  skilled  and  knowledgeable  about 
the  hazards  of  Lake  Erie  weather.  With  iust  2'  waves  on  the  lake,  there  are 
few  recreational  power  boaters  to  be  seen.  It  is  uncomfortable  to  be  out  there 
pitching  and  rolling.  We  do  see  foolhardy  boaters  hesitate  behind  the  break¬ 
water  as  they  examine  oncoming  storms  before  heading  home.  They  frequently  will 
take  the  gamble  unless  the  Coast  Guard,  herds  them  back  into  harbor.  Reckless 
boaters  are  not  aided  by  a  breakwater. 

Vermilion  docks  were  filled  to  capacity  long  before  the  breakwater  was 
constructed.  Visiting  boats  were  frequently  required  to  raft  off  because  visitor 
dock  space  has  always  been  limited.  Any  claims  that  the  breakwater  increases 
harbor  usage  and  sells  more  boats,  dock  rentals,  gas  or  marine  supplies  are 
difficult  to  sustain. 

3.  Harbor  of  Refuge  Tang i b 1 c  Bene  fits  -  None.  Vermilion  was  a  harbor 
ut  refuge  for  over  135  years  prior  to  the  breakwater.  As  a  summer  squall  would 
approach,  there  was  a  very  orderly  and  efficient  exodus  from  the  lake.  Boats 
swung  into  lino  and  came  straight  into  harbor.  A  harbor  of  refuge  is  generally 
considered  to  be  a  new  harbor  like  Hammond  Bay  Harbor  on  Lake  Huron. 

4.  Intangible  Nav i ga l i on  Bonef i ts  -  Borne.  Some  boaters  can  claim  "the 
increased  ease  and  convenience  afforded  existing  navigation".  However,  even 
this  convenience  has  its  price.  Stanley  Consultants,  on  page  198  of  the  impact 
studv,  notes  increased  harbor  congestion,  restricted  visibility,  and  other  navi¬ 
gation  problems  caused  by  the  breakwater.  Stanley  also  says  that  these  problems 
"do  not  constitute  hazards  to  navigation  for  the  knowledgeable,  we  1 1 -prepared, 
cautious  boater."  That's  all  we  have  ever  needed  for  safety  in  Vermilion 
Harbor  -  knowledgeable ,  we  1 1 -prepared ,  cautious  boaters. 
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Erroneous  "Benef I t"  Accounting  i n  the  Section  JjM  Syl tabus 

The  Corps  has  employed  four  tables  and  several  pages  of  discussion 
in  the  Section  111  syllabus  to  support  a  new  claim  that  the  breakwater  has 
created  unanticipated  benefits  of  $39,200  a  year  by  increasing  the  total  size 
of  Vermilion  beaches.  Even  a  cursory  audit  of  this  very  detailed  claim  of 
benefits  shows  that  such  a  claim  is  outrageous. 

1.  Lagoons  Beach  is  said  to  have  gained  80,000  cu.  yds,  of  sand  while 

L inwood  Beach  has  lost  only  25,000  cu.  yds.  The  source  of  the  extra  55,000  cu. 
yds.  in  the  Lagoons  Beach  is  not  revealed.  On  page  l8  of  the  syllabus,  the  Corps 
estimates  that  the  maintenance  of  Linwood  Beach  will  require  17,500  cu.  yds.  of 
sand  every  year.  At  that  rate,  our  losses  over  the  past  five  years  since  the 
breakwater  have  totaled  87,500  cu.  yds.  An  87,500  cu.  yd.  loss  to  Linwood  is 
balanced  somewhat  v^i  th  the  amount  of  sand  transferred  to  the  Lagoons,  and  the 
amount  of  sand  removed  by  dredging.  The  actual  loss  to  Linwood  is  not  25,000 
cu.  yds.,  but  85,000  to  100,000  cu.  yds. 

2.  An  annual  benefit  of  $55,600  is  claimed  for  the  additional  beach 
created  in  the  Lagoons.  Under  Corps  Reg.  EP  1165“2-1,  no  benefits  whatsoever 
can  be  allocated  for  gains  in  a  private  beach  that  is  not  open  to  the  public. 

The  Lagoons  Beach  is  not  open  to  the  public. 

3.  The  total  loss  of  Nakomis  Beach  was  not  considered.  This  beach  was 
100'  wide  and  500'  long.  It  was  a  widely  used  public  beach.  Even  with  the 
addition  of  2,350  cu.  yds.  of  sand  in  December,  1975,  Nakomis  Beach  has  been 
lost  to  the  breakwater. 

4.  Vermilion  City  Beach,  a  public  beach,  is  now  no  bigger  than  it  was 
in  1970  or  1971.  The  "gains"  shown  in  Fig.  15  of  the  syllabus  do  not  exist, 
and  the  annual  monetary  gain  of  $23,200  does  not  exist.  Anyone  can  see  this 
by  visiting  Vermilion  City  Beach. 

The  Corps  has  answered  our  protests  about  beach  erosion  with  a  counter¬ 
claim  that  the  breakwater  has  really  increased  the  size  of  our  beaches.  That  may 
be  a  good  political  tactic  but  it  is  not  good  engineering  or  acceptable  account¬ 
ing.  The  Corps  has  underestimated  the  losses  to  Linwood  Beach  by  a  factor  of 
4  to  25,000  cu.  yds.  With  losses  cut  in  this  fashion,  it  is  possible  to  claim 
that  the  breakwater  Is  actually  creating  beach  with  a  benefit  of  $39,200  each 
year.  Then  the  Corps,  on  page  18  of  the  syllabus,  can  say  that  removal  of  the 
breakwater  is  "inappropriate"  because  the  breakwater  has  an  overall  beneficial 
effect  on  our  beaches. 

We  have  watched  a  beach  300*  wide  reduced  to  almost  nothing.  We 
watched  the  sand  move  westward  into  the  Lagoons  Beach,  the  river,  and  the 
harbor.  We  watched  the  dredges  haul  away  our  sand.  A  claim  that  the  breakwater 
has  created  beach  area  in  Vermilion  is  beyond  belief,  and  it  certainly  does  not 
reflect  credit  on  the  Corps. 
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Cone  I  us i on 


It  i  i  nio-i  un  for  i  una  tt  that  statutory  safeguards  for  the  public  were 
disregarded  in  the  pursuance  of  harbor  modifications  that  were  never  needed  and 
are  not  needed  now.  We  cannot  t,«>  back  and  make  the  Corps  and  the  Vermilion  Port 
Authority  comply  with  these  required  precautionary  procedures.  However,  the 
Corps  should  discard  the  various  "benefit"  estimates  that  have  been  presented 
over  the  past  33  years  to  justify  the  breakwater  because  they  are  not  accurate. 

Hie  Corps  is  now  assessing  the  real  costs  of  repairing  damages  fr^-m 
the  breakwater  and  preventing  further  damages,  and  the  Corps  must  also  assess 
brnel i t s  a-,  realities.  While  wo  definitely  need  temporary  measures  to  halt 
further  beach  erosion,  permanent  measures  should  not  taken  until  a  fair  and 
equitable  accounting  of  both  costs  and  benefits  is  presented. 

The  benefits  to  navigation  arc*  minimal.  If  these  benefits  are  stated 
accurately,  i t  wi l I  be  obvious  that  they  cannot  possibly  balance  the  costs  that 
have  resulted  from  the  breakwater. 

The  breakwater  was  a  very  poor  investment  of  public  funds.  Alter- 
na  t  i  ve  J  .  remova  1  of  the  brenkwo  ter ,  is  the  best  possible,  most  benefici.il, 
and  least  expensive  solution  Tor  Vermilion  Harbor. 

Sincerely  yours, 

•  •>,  «0'/  . .  {  ,  '  ‘ 

/  t 

Georga  W.  Grossman 
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August  31,  1978 


STATEMENT  TO  THE  PUBLIC  MEETING 
ON  VERMILION  HARBOR 


Colonel  Daniel  D.  Ludwig 
U.  S.  Army  Corps  of  Engineers 
Buffalo  District 
1776  Niagara  St. 

Buffalo,  New  York  14207 

Dear  Colonel  Ludwig: 

We  wish  to  express  appreciation  for  the  information  packets  on  Vermilion 
Harbor  which  have  been  mailed  to  our  members  by  the  Buffalo  District.  These 
summaries  and  alternative  proposals  have  been  most  helpful  in  preparing  for 
this  meeting. 

We  concur  with  the  Corps'  finding  that  the  detached  breakwater  has  caused 
erosion  of  Linwood  Beach,  and  that  mitigation  of  these  damages  should  be  under¬ 
taken.  We  also  agree  with  Stanley  Consultants'  conclusions  that  the  breakwater 
causes  a  diversion  of  polluted  river  water  into  our  beach  and  creates  an 
increased  ice  jam  flood  potential. 

We  note  and  endorse  Stanley  Consultants'  conclusion  that  "Only  removal 
of  the  breakwater  will  be  completely  effective  in  returning  the  shoreline  to 
the  pre-1972  long-term  equilibrium  state. "  However,  we  disagree  with  their 
subsequent  statement  that  removal  as  a  solution  would  not  retain  protection 
for  navigation.  Those  of  our  members  who  have  operated  small  craft  in  and 
out  of  Vermilion  Harbor  believe  that  the  project  purposes  of  aiding  commercial 
fishing  and  recreational  boating,  and  providing  a  harbor  of  refuge  were  met  by 
Vermilion  Harbor  in  its  1876-1972  status,  with  parallel  piers  only.  We  do  not 
feel  that  the  detached  breakwater  is  essential  to  the  project,  and  there  is  a 
question  whether  the  projected  benefits  from  the  breakwater  have  been  attained. 
Therefore,  we  continue  to  maintain  that  removal  of  the  breakwater  would  be  the 
best  alternative  for  eliminating  the  erosion,  pollution,  and  flood  hazard 
problems.  To  avoid  an  impasse  that  could  defer  erosion  control  measures  for 
a  year  while  mitigation  of  pollution  and  flooding  is  examined,  we  propose  the 
following  definition  of  what  a  partially  restored  Linwood  Beach  should  be  for 
the  short  term: 

1.  The  shoreline  of  Linwood  Park  should  be  useful  in  its  entirety 
for  swimming  and  the  operation  of  small  sailboats. 

2.  The  beach  should  be  of  sufficient  width  and  height  so  as  to 
prevent  wave  attack  on  Linwood  Bluff  in  major  NE  storms. 


THE  PURPOSE  OF  LPCOA  SHALL  BE  THE  MAINTAINING  AND  PRESERVING 
OF  LINWOOD  PARK  AS  THE  OUTSTANDING  FAMILV  SUMMER  VACATION  AREA 
COMPLETE  WITH  RELIGION.  AND  SUN  .  .  .  AND  SHORE  .  .  .  AND  SEA. 
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The  Corps  has  contended,  in  the  Section  III  syllabus,  that  Linwood  Bluff 
came  under  wave  attack  in  the  pre-breakwater  era.  However,  many  of  our  members 
can  attest  that  Linwood  Bluff  never  came  under  wave  attack  in  the  forty  or  fifty 
years  prior  to  1973- 

Our  comments  on  the  various  alternatives  for  Section  III  mitigation  are  as 
follows : 

Alternative  1  -  Alteration  of  the  Breakwater 

Our  position  that  removal  is  the  best  overall  solution  has  been  stated. 

The  actual  benefits  to  navigation  derived  from  the  breakwater  appear  to  be  out¬ 
weighed  by  the  costs  to  Linwood  Park  and  flood  plain  residents. 

Alternative  2  -  Transport  from  Fillet  at  Bast  Pier  to  Linwood  Beach 
with  Protection  of  Sewer  Line 

The  pumping  of  sand  from  the  east  pier  to  Nakomis  is  an  acceptable  alterna¬ 
tive  that  could  be  implemented  within  a  short  time  to  prevent  further  damage. 

This  process  could  reduce  harbor  dredging  and  we  request  that  this  factor  be 
considered  as  an  additional  benefit.  Protection  of  the  sewer  line,  which  yields 
a  higher  cost/benefit  ratio  than  beach  restoration  alone,  is  a  definite  advantage. 

Alternative  3  -  Transport  of  Harbor  Dredged  Material  to  Linwood  Beach 

We  believe  that  harbor  dredged  material  suitable  for  open-lake  disposal 
should  be  placed  in  the  near-shore  water  off  Nakomis  Beach.  Any  silt  in  such 
dredgings  should  separate  out  and  dissipate  by  spring. 

While  the  quantity  of  sand  available  from  harbor  dredging  is  not  sufficient 
to  restore  Linwood  and  Nakomis  beaches,  it  would  help.  Dumping  this  sand  far 
out  in  the  lake  or  placing  it  west  of  the  piers  causes  a  permanent  loss  to 
Linwood  Beach.  We  recommend  the  combination  of  Alternative  3  with  Alternative  2. 

Alternative  4  -  Nourishing  Linwood  Beach  with  Sand  from  External  Source 

Sand  replenishment  for  Linwood  Beach  is  obviously  acceptable  to  us.  Sand 
nourishment  from  an  external  source  should  be  considered  if  the  sand  can  be 
held  in  place  with  groins. 

Alternatives  5  and  6  -  Groin  Fields  at  Linwood  Beach 

Groins  are  the  most  common  structures  used  for  shore  protection.  Linwood 
Beach  is  well  adapted  to  groins  because  of  the  very  low  slope  of  the  offshore 
shale.  Our  sand  is  easily  pushed  ashore.  We  feel  groins  extending  100'  beyond 
the  shoreline  to  a  5'  water  depth  can  be  very  effective. 
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Under  our  local  conditions,  it  appears  that  groin  spacing  could  be  wider 
than  shown  in  Corps  plans.  The  east  pier,  only  400'  long,  held  a  beach  350 O' 
to  3800'  in  length  for  over  100  years.  Similar  examples  can  be  seen  at  many 
locations  on  our  shore,  such  as  Showse  Park  in  Vermilion.  A  short  groin  here 
holds  over  800'  of  beach  even  though  the  groin  bypasses  sand  near  the  bluff. 
Further,  local  experience  indicates  that  concrete  groins  are  very  durable, 
less  costly,  and  much  more  attractive  than  rubble-mound  groins. 

The  best  examples  of  concrete  groins  can  be  found  at  Heidelberg  Beach 
and  the  adjoining  Ruetenik  Gardens  properties  west  of  Vermilion.  These  groins 
have  been  adjusted  in  height  to  control  sand  bypassing.  These  groins,  while 
possibly  too  closely  spaced,  have  held  protective  beaches  and  have  not  limited 
recreational  usage.  The  smooth  top  surface  provides  a  recreational  fishing 
site. 


Our  engineer  members  have  been  requested  to  evaluate  the  design  and  costs 
of  successful  concrete  groins  in  our  area  and  will  forward  their  evaluation  to 
Buffalo.  There  is  no  question  that  a  groin  field  can  be  employed  in  the 
restoration  of  Linwood  Beach.  However,  it  is  essential  to  reduce  the  cost  of 
such  an  installation. 

Alternative  J  -  Segmented  Breakwaters  at  Linwood  Beach 

While  Alternative  7  is  recognizable  as  a  less  expensive  variant  of  the 
Lakeview  Park  project  in  Lorain,  we  must  reject  this  alternative  because  it 
would  limit  the  available  recreational  shoreline  and  present  a  safety  hazard 
to  both  sailors  and  swimmers.  The  sailing  of  small  boats  from  Linwood  Beach 
has  been  a  recreational  activity  here  for  many  years.  Curtailing  the  amount 
of  shoreline  as  in  Alternative  7  would  bring  sailing  and  BWimming  activities 
into  conflict.  This  problem,  coupled  with  a  probable  trapping  of  pollutants, 
makes  this  alternative  unacceptable. 

The  Proposed  Revetment  Alternative 

With  the  Corps  finding  that  mitigation  of  beach  erosion  at  Linwood  Park  is 
warranted  under  Section  III,  the  400'  revetment  proposed  for  the  east  beach  at 
Linwood  is  unnecessary.  A  revetment  is  not  needed  to  protect  the  sewer  line  if 
the  beach  is  restored  with  sand. 

Our  position  on  the  revetment  has  been  stated  in  my  letter  of  June  27,  1978 
in  which  we  contend  that  the  revetment  is  not  socially  acceptable  or  environ¬ 
mentally  sound.  We  have  seen  revetments  in  this  area,  and  sand  does  not  accumu¬ 
late  in  front  of  them.  Five  years  ago,  in  August,  1973>  Corps  representatives 
addressed  our  LPCOA  meeting  and  told  us  we  had  no  problems  because  our  sand 
beach  was  the  best  possible  protection  for  a  bluff. 
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We  conclude: 

1.  Removal  of  the  breakwater  would  prove  to  be  environmentally  acceptable 
and  economically  justified,  and  that  removal  would  not  affect  navigation. 

2.  To  prevent  further  losses  and  damages  to  Linwood  Beach  and  the  sewer 
line,  we  endorse  Alternatives  2  and  3>  and  we  urge  an  early  implementation  of 
these  alternatives  as  they  are  compatible  with  any  possible  overall  solution. 

3.  The  groin  fields  in  Alternatives  5  and  6  appear  to  have  merit  when 
local  conditions  that  would  reduce  costs  are  considered.  We  recommend  further 
investigation  of  groin  designs  and  spacing  by  the  Corps  and  will  forward  our 
own  evaluation. 

k.  Segmented  breakwaters  and  a  revetment  are  not  acceptable  to  our  members 
for  the  reasons  stated. 

We  thank  you  for  scheduling  this  public  meeting  and  providing  a  forum  where 
our  views  and  other  views  may  be  heard  and  considered. 

Sincerely, 

LINWOOD  PARK  COTTAGE  OWNERS  ASSN.,  INC. 


George  E.  Keidel,  President 


cc:  Senator  John  Glenn 

Senator  Howard  Metzenbaum 
Congressman  Donald  Pease 
Dr.  Robert  W.  Teator,  Director,  ODNR 
ODNR  Staff 

Mayor  Jim  L.  Odom,  Vermilion 

Mr.  Edward  C.  Smolk,  Law  Director,  Vermilion 

Vermilion  City  Council 

Vermilion  Port  Authority 

Directors,  Linwood  Park  Co. 

Linwood  Park  Leaseholders 
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Gentlemen, 


;.t 


The  writer  >dahes  to  thank  you  for  the  information  packet 
received  from  your  offices  relative  to  section  111  erosion  study 
and  the  spocial  impact  study  dealing  with  the  Vermilion  Harbof, 

Sind  your  syllabus1  dealing  with  the  same. 

$  "  ' 

Ve  first  of  all  wish  to (ref er  to  Page  #S-4  and  the  specifically 
to  Item  #2  under  ths  section  entitled:  "Stanley  Consultants  recommen¬ 
ded  that",  wherein  it  is  stated:  "Assuming  the  beach  is  acceptable  in 
its  present  state  of  equilibrium,  etc".  As  u  resident  lease  holder,  in 
Linwood  Park,  and  as  a  stockholder  in  the  Linwood  Park  C omp^V 
writer  wants  it  tuider stood  that  he,  in  no  way  agrees  with^KM^^Iyi w 
particular  assumption,  and  in  faot,  violently  opposes  asXfLi ,■ 
or  actions,  or  non-action,  based  upon  this  false  a«sumpt*bii^V-V 

The  writer  does,  however  agree  with  Xten  7r  i>  under  o one lueions 
Roconmondatl  one  -  Section  111  study,  stating  that,  "Only  the  iobaflplete  1 
removal  of  th*  "monstrosity"  will  be  completely  effective  in  retiirning 
the  nhoroline  Lc  the  pro- 1972  long-term  equilibrium  state."  This 
ac-lon  wou'.d  be  desirable  to  establish  the  long-torm  equilibrium  at 
the  right  > 


:.tla  attention  to  the  fact  4.vmt  on  the  topcoTt  Pag* 
rooonmended  that  no  mitigujon  should  be  considered  : 
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t  .  j  il'vt-  i;>  tli  *  -various  aJ  urn  ?jv«is  ,  -  J  t;.  :  , 

tiif-  t.rilrv  *j*hci.  to  point  out  that  only  r««- .-sti.  b.«.j  jiu-nm :  oi  ij- 
Lit i  .•■.:■©«  bervii  will  provide  prop*  x  and  •■•ir.j>lrto  pj-.d  >  t  It,  *t»» 

1 1  ••****•  J  tr.f  t.n  jI  is  in  jeopardy. 

;  b'Otrvn  that  alteration  of  tne  breaKvsJl  lr  iltfrnHi.fi  .1  if  it 
i'.rv  i-*  ed  total  removal  of  breakvai 1  would  b*  the  boat  am:  meat 
«*>;«;  mini  cfl  solution.  when  the  cost  of  possible  damage**  (flood  and 
erosion  and  polution)  are  added  up* 

1  boliivvy  ih^i.  alternate  1?2  and  »/3  and  *?U  are  acceptable  ar  an 
interim  isoans  of  rotting  the  bluff  protection  needed  until  a  more 
pormanont  establishment  of  beach  protection  for  bluff  and  sewer  if 
accomplished. 

I  believe  that  actually  a  combination  of  H 2,  >,-3  and  ;rk  will  be 
necessary  as  interim  action* 

Alternates  ^3  and  ffb  involving  groins  night  be  accept  able  to 
helf.  re-establish  the  beach  protection  for  bluff  and  sower  provided 
th.it  they  were  properly  designed  and  spaced  and  inMnlled.  Itubber- 
nold  groins  in  t.h«*  vritor*s  opinion  would  net  be  acceptable  as  they 
undoubtedly  would  be  a  mess  after  a  few  years* 

Alternate  #■  7  -  Segmonted  Breakwalls  would  not  be  acceptable  in 
the  writer;;  opinion  as  it  undoubtedly  is  on  experimental  thing  and 
would  "clutter"  the  water  front  and  probably  involve  additional 
probLonr. ,  over  and  above  those  already  caused  by  the  breakwall* 

The  writer  wishes  to  re-iterate  the  fact  that  the  proposed 
revetment  idea  presented  for  the  sewer  line  above  the  l.inwood 
aa.-i  bench  is  totally  not  acceptable  socially,  or  environmentally 
th"  the  resident  e  of  Llnwood  Park  in  my  opinion* 

In  stuzunux’y,  the  writer  wishes  to  thank  the  Corp  for  the  invitation 
to  the  Public  Mooting,  Thursday  evening,  August  31,  1978  and  this 
opportunity  to  express  our  views  relative  to  the  Corps*  problems  at 
Vermilion  Kurbor,  Ohio* 

Best  Available  Copy 


Yours  V-ery  truly, 

- 

J*  V.  Rutledge 


George  W.  Grossman 
17125  Amber  Drive 
Cleveland,  Ohio  44111 


August  30,  1977 


Colonel  Daniel  D.  Ludwig 
Buffalo  District 
U.  S.  Army  Corps  of  Engineers 
1776  Niagara  St. 

Buffalo,  New  York  14207 

STATEMENT  TO  THE  AUGUST  30,  1977 
PUBLIC  MEETING  ON  "IMPACTS  OF 
THE  BREAKWATER",  VERMILION,  OHIO 

Dear  Colonel  Ludwig: 

This  meeting  has  been  called  to  discuss  adverse  environmental 
impacts  resulting  from  construction  of  the  Vermilion  Harbor  breakwater. 
We  should  also  consider  whether  any  real  need  ever  existed  to  justify 
this  structure,  and  whether  the  promised  benefits  have  materialized. 

I  contend  that  there  was  no  need  for  the  breakwater,  that  the  benefits 
were  illusory,  and  that  the  environmental  problems  should  be  resolved 
by  removing  the  breakwater. 

Vermilion  Harbor,  before  the  breakwater,  was  nearly  perfect 
as  a  small-boat  harbor.  The  harbor  entrance  had  a  desirable  straight- 
in  approach  and  an  essentially  unblemished  safety  record.  A  possibly 
unique  balance  existed  between  the  river  and  the  lake  which  kept  the 
river  channel  free  of  sediment  deposits.  The  only  identifiable 
problem  was  periodic  floods  which  usually  resulted  from  ice  jams. 

Nevertheless,  we  are  always  willing  to  try  to  improve  local 
conditions  if  someone  else  will  pay  for  the  improvements.  Vermilion 
was  no  exception  to  this  rule.  In  1973,  the  harbor  was  "improved" 
with  a  breakwater  constructed  almost  exclusively  with  federal  and 
state  funds.  Almost  immediately,  environmental  problems  appeared. 

It  is  evident  that  solutions  for  these  problems  are  needed  very  soon. 

Before  we  start  to  consider  various  solutions,  we  should 
examine  the  political  history  of  the  breakwater.  If  there  was  no 
public  need,  if  there  are  no  public  benefits,  our  problems  should 
be  resolved  by  restoring  Vermilion  Harbor  to  its  1972  condition. 


Vermi 1  ion  -  A  Successfu 1  Local  Port  -  1 876  to  1972 

In  1837,  when  the  Corps  constructed  parallel  piers  to 
eliminate  the  sand  bar  blocking  the  river  mouth,  there  was  a  national 
interest  in  the  project.  Lake  Erie  and  the  other  Great  Lakes  were 
avenues  of  general  commerce.  Lake  shipping  served  the  same  purpose 
as  trucks  today.  By  1870,  most  of  the  commercial  traffic  in  and  out 
of  Vermilion  had  moved  to  larger  ports  or  shifted  to  the  railroads. 
Vermilion  might  have  become  a  small  commercial  port  like  Huron  if 
the  proposed  railroad  from  southern  Ohio  had  been  completed.  That 
project  failed  and  by  1876,  when  the  piers  were  repaired  and  extended 
to  their  present  length,  Vermilion  was  primarily  a  fishing  port. 
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In  1903,  Congress  was  requested  to  repair  the  piers  and 
make  harbor  improvements.  The  repairs  were  funded  but  the  improve¬ 
ments  denied  as  not  in  the  national  interest.  In  1911,  Congress  was 
asked  to  increase  the  width  of  the  entrance  channel.  This  proposal 
was  rejected  on  grounds  that  the  improvement  would  have  only  local 
benef i ts . 

In  1916,  the  Corps  recommended  that  Vermilion  be  abandoned 
as  a  federal  harbor.  This  proposal  was  successfully  fought  by  local 
interests  and  periodic  Corps  maintenance  of  the  piers  was  continued. 
Twenty-one  years  later,  in  1937,  a  Corps  survey  report  recommending 
breakwaters  and  channel  dredging  was  rejected  because  costs  exceeded 
benefits.  In  1 9^*2 ,  a  proposal  for  dredging  alone  failed  for  the 
same  reason. 

It  was  evident  that,  through  all  these  years,  both  Congress 
and  the  Corps  viewed  Vermilion  Harbor  as  a  local  port.  During  the 
first  half  of  this  century,  local  commercial  fishermen  met  any 
challenges  presented  by  the  harbor  without  federal  assistance.  The 
entrance  was  narrow  for  sluggish  60'  steam  tugs  drawing  6'  to  10'  of 
water.  Fifty  or  more  years  ago,  commercial  fishermen  changed  to 
gasoline  engine  boats  averaging  40'  in  length,  10"  beam,  and  drafts 
of  3'  to  5* .  There  were  no  accidents,  no  problems  with  the  harbor 
entrance  after  the  transition  to  smaller  boats  with  more  power. 

If  there  was  a  need  for  harbor  improvement,  it  was  not 
recognized  by  the  population  of  the  village.  The  mayor,  at  a  May  3, 
19^5  hearing,  stated  that  the  village  was  unable  to  contribute  funds 
for  harbor  improvements,  and  that  a  considerable  portion  of  the 
citizens  probably  would  not  favor  such  a  contribution.  Congress 
could  not  justify  improvements,  the  Corps  could  not  justify  improve¬ 
ments,  and  local  citizens  were  unwilling  to  pay  for  improvements. 


The  Vermi i ion  Harbor  Cost/Benef 1 t  Hoax 

Fifty  years  of  rejections  of  proposals  to  "improve"  a 
local  harbor  at  federal  expense  failed  to  dissuade  certain  Vermilion 
individuals  from  their  efforts  to  federalize  the  harbor.  Two  points 
were  clear.  Dredging  alone  could  never  be  funded  as  in  the  national 
interest,  and  a  national  interest  had  to  be  invented.  The  package 
of  breakwaters  and  dredging  was  the  only  route  to  the  federal 
treasury. 

Therefore,  in  19^6,  the  Corps  surveyed  again  and  found 
that  the  breakwaters  and  dredging  proposals  of  1937  were  now  practi¬ 
cal.  By  1956,  these  proposals  became  a  100-page  report  which  included 
theoretical  analysis  of  several  breakwater  designs.  The  proposed  open 
arrowhead  design  had  an  estimated  first  cost  of  $853,000.  Annual 
charges  at  2j%  interest  were  estimated  at  $35,000.  $21,660  of  this 

represented  federal  costs. 
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To  justify  the  project  to  Congress,  the  Corps  had  to  some¬ 
how  show  that  total  benefits  exceeded  total  costs,  and  that  federal 
benefits  exceeded  federal  costs.  This  was  accomplished,  but  any 
public  accountant  would  face  fraud  charges  for  the  cost/benefit 
analysis  on  Vermilion  Harbor.  The  Corps  estimated  that  the  project 
would  cause  an  additional  <8.8  net  tons  of  fish  to  be  caught  each 
year  in  Vermilion.  How  this  was  to  be  accomplished  in  a  lake  fished 
to  capacity,  with  limits  on  some  species,  was  not  explained.  The 
records  indicate  the  number  of  fish  caught  in  Vermilion  is  propor¬ 
tional  to  the  amount  of  fish  in  the  lake  rather  than  the  number  of 
fishing  trips.  In  1946,  16  Vermilion  boats  made  2171  trips  and 
caught  591  lbs. /trip.  In  1953*  16  boats  made  1410  trips  and  caught 
1805  lbs. /trip.  In  1952,  the  same  boats  caught  only  1007  lbs. /trip. 

It  was  contended  that  48.8  net  tons  of  fish  would  sell 
for  $20,300  and  that  the  net  profit  would  be  50%  or  $10,100.  In 
addition,  it  was  claimed  that  the  ability  to  get  out  of  the  lake  in 
storms  would  reduce  losses  of  fishing  nets.  It  was  predicted  that 
9  trap  nets  and  45  gill  nets  would  be  saved  at  a  value  of  $9,900. 

The  total  benefits,  a  neatly  rounded  $20,000,  were  held  to  be  in 
the  national  interest.  "Since  these  benefits  are  adding  to  the 
nation's  resources  by  increasing  the  available  food  supply,  they 
are  considered  general  in  character."  No  one  considered  the  point 
that  the  available  supply  of  fish  is  regulated  by  the  fish  them¬ 
selves,  and  the  conditions  for  their  reproduction  and  growth. 

The  claim  of  a  30O/,  increase  in  recreational  boating  result¬ 
ing  from  harbor  improvements  was  even  more  tenuous.  The  capacity  of 
a  harbor  in  dock  space  and  launching  ramps  controls  its  growth.  Many 
years  before  the  project  was  installed,  Vermilion  Harbor  reached 
capacity  use  through  private  investment  in  such  developments  as 
Romp's  Water  Port  and  Valley  Harbor  Marina.  A  claim  that  a  breakwater 
and  dredging  could  cause  one  more  boat  to  be  docked  in  Vermilion  is 
i ncomprehens i bl e. 

Nevertheless,  the  Corps  calculated  an  annual  benefit  of 
$77,000  to  recreational  boating,  of  which  50%  was  general  and  in  the 
national  interest.  With  $77,000  a  year  for  boating,  $20,000  for  fish, 
and  $10,000  for  contingencies,  $107,000  a  year  in  benefits  was  claimed. 
The  cost/benefit  ratio  came  out  to  3-1. 

By  May,  1972,  benefits  had  been  inflated  to  $475,000  per 
year  with  annual  costs  of  $77,900  for  a  ratio  of  6.1.  In  September, 
1975,  benefits  were  up  to  $634,200  per  year.  When  comment  to  the 
September,  1975  draft  EIS  noted  that  these  benefits  from  the  project 
were  equal  to  42%  of  the  total  annual  real  estate  tax  revenue  in 
Vermilion,  the  Corps  replied: 

"The  statement  in  question  has  been  deleted  from 
the  Final  Statement  since  it  may  be  misleading 
in  that  it  does  not  include  the  value  of  other 
benefits,  such  as  sport  fishing  and  windrowed 
ice  protection,  that  may  also  be  attributed  to 
the  project.  Therefore,  in  order  to  avoid 
further  confusion,  the  statement  was  deleted." 
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It  is  a  good  military  tactic  to  wi thdraw- when  outnumbered 
but  our  environmental  laws  require  cost/benefit  statements. 
President  Carter,  a  businessman  with  a  sense  for  economic  reality, 
addressed  such  tactics  in  his  May  23,  1977  environmental  message  to 
Congress: 


"The  accuracy,  propriety,  and  integrity  of 
water  resource  project  cost  estimation  and 
benefit  derivation  are  being  challenged." 

I  challenge  the  accuracy,  propriety,  and  integrity  of 
the  Vermilion  Harbor  benefit  derivation.  There  are  no  tangible 
economic  benefits.  There  never  were  any  dollar  benefits.  Some 
homes  are  protected  by  the  breakwater  and  some  boats  do  not  rub 
on  their  docks  as  much  but  such  benefits  are  private,  not  even 
in  the  general  local  interest. 


The  Vermi 1  ion  Envi ronmental  Debacle 

The  notice  for  this  meeting  has  enumerated  all  of  these 
environmental  impacts  caused  by  the  breakwater: 

1.  Erosion  of  L inwood  and  Nakomis  beaches. 

2.  Periodic  contamination  of  the  Vermilion  water  supply. 

3.  Diversion  of  polluted  river  water  to  beach  areas. 

4.  Changes  in  ice  formation. 

5.  Increase  in  flood  potential. 

6.  Increased  sedimentation  rates  in  the  harbor. 

7.  Navigational  hazards. 

8.  Aesthetics. 

We  are  agreed  that  most  or  all  of  these  environmental 
impacts  exist  and  studies  to  quantify  their  effects  are  underway. 
Many  of  those  present  at  this  meeting  will  present  statements  to 
quantify  such  effects  upon  their  personal  lives.  We  should  also 
examine  whether  such  adverse  results  were  predictable  and  why 
they  were  not  considered  prior  to  construction  of  the  project. 

The  changes  in  the  Lagoons-Li nwood-Nakomi s  beach  and  the 
resulting  erosion  were  totally  predictable.  Many  people  in  Linwood 
Park  recognized,  intuitively,  that  the  elimination  of  NW  wave 
action  by  the  breakwater  would  cause  our  beach  to  pile  up  at  the 
east  pier.  We  saw  the  changes  begin  in  1973  and  we  called  in  the 
Corps  to  tell  them  of  our  fears.  It  required  additional  study  to 
learn  that  the  sand-trappi ng  abilities  of  offshore  breakwaters 
were  well  understood  by  the  Corps. 
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At.  the  very  time  that  the  preliminary  Section  III  report 
claimed  that  the  Corps  could  not  differentiate  between  beach  erosion 
caused  by  the  breakwater  and  beach  erosion  caused  by  high  lake 
levels,  the  Corps  knew  that  (l)  high  lake  levels  had  not  caused  any 
beach  erosion  whatsoever  at  a  similar  beach  east  of  the  Huron  piers, 
and  (2)  that  offshore  breakwaters  were  being  designed  for  Lakeview 
Park  in  Lorain  to  trap  and  hold  sand  behind  the  breakwaters. 

Within  an  eleven  mile  radius  from  Vermilion,  it  was  possible  to 
distinguish  between  the  effects  from  high  water  and  the  effects 
from  a  breakwater. 

Even  a  cursory  examination  of  the  project  plans,  existing 
studies  of  littoral  drift,  and  shoreline  sand  sources,  by  someone 
competent  in  coastal  engineering,  would  have  revealed  that  our  beach 
changes  and  beach  erosion  could  be  predicted.  We  have  acquired 
enough  knowledge  to  predict  that  these  changes  are  not  complete. 

The  east  pier  is  no  longer  a  barrier  to  westward  sand  flow.  It 
will  not  become  a  barrier  until  the  entire  beach  to  the  east 
recedes  approximately  150'  from  its  present  position. 

Increase  in  flood  potential  and  increased  sedimentation 
were  also  predictable.  Where  flooding  is  a  problem,  the  customary 
solution  is  to  impound  water  upstream,  not  downstream,  from  the 
area  to  be  protected.  Billions  of  dollars  in  dams  illustrate  this 
principle.  While  the  Vermilion  breakwater  is  technically  a  weir, 

"a  partial  dam  of  a  river  to  raise  its  water  level  or  divert  its 
flow",  it  functions  much  like  a  dam. 

Increased  sedimentation  was  predicted  by  the  Corps  and 
provisions  for  dredging  the  federally-maintained  river  channel 
(which  was  not  dredged  from  1915  to  l 97^)  were  included  in  project 
costs.  Unfortunately,  the  Corps  failed  to  note  that  private 
channels,  with  a  much  larger  area  than  the  federal  river  channel, 
would  also  fill  up  with  silt.  That  oversight  could  cost  Vermilion's 
Lagoons  residents  $3000  each  today  and  $3000  again  in  perhaps  four 
or  five  years.  Every  real  estate  agent  handling  property  in  the 
Lagoons  now  advises  prospective  buyers  of  the  possibility  of  dredg¬ 
ing  assessments  to  avoid  liability  for  misrepresentation.  This  will 
reduce  property  values  in  the  Lagoons. 

Flooding,  as  a  result  of  the  breakwater,  has  not  yet 
occurred.  The  breakwater  can  initiate  a  flood  only  by  causing  an 
ice  jam.  Whether  the  structure  will  reduce  or  increase  the  possi¬ 
bility  of  initiating  an  ice  jam  flood  is  arguable.  Some  think  the 
breakwater  will  reduce  flooding,  many  others  have  the  opinion  that 
more  floods  will  occur.  We  do  not  know  and  the  Corps  does  not  know 
what  will  happen.  Caution  should  have  been  indicated  by  such  lack 
of  firm  knowledge.  Enduring  a  flood  is  a  painful  way  to  obtain 
i nformat i on. 


-  6  - 


However,  we  do  know  that  the  existence  of  a  weir  across 
the  mouth  of  the  Vermilion  River  wiil  raise  the  level  of  a  given 
flood  flow  over  the  level  that  would  exist  without  the  obstruction. 

The  increase  In  level  at  a  given  flow  is  calculable  and  it  could 
have  been  experimentally  evaluated  in  the  Corps'  model  study.  This 
predictable  effect  was  never  considered.  Furthermore,  the  course 
that  a  flood  flow  will  take  to  evade  the  barrier  across  the  river 
was  never  studied. 

Pollution  of  the  municipal  water  supply  and  local  beaches 
was  the  most  obvious,  most  predictable  adverse  impact.  The  location 
of  the  water  intake  is  shown  on  most  drawings  of  Vermilion  Harbor. 
Almost  anyone  who  saw  a  drawing  of  the  detached  "T"  breakwater  in 
place  could  envision  the  pollution  of  beaches  that  would  result. 
However,  a  drawing  of  the  project  was  not  included  in  the  draft 
environmental  impact  statement  dated  30  September,  1971.  The 
public  was  almost  totally  unaware  that  a  diversion  of  flow  would 
occur  as  a  result  of  the  project. 

Only  those  government  agencies  with  access  to  the  general 
design  memorandum  were  aware  that  plans  had  been  changed  from  a  non¬ 
diverting  open  arrowhead  breakwater  design  to  a  diverting  detached 
"T"  design.  When  one  of  these  agencies,  the  Ohio  Dept,  of  Natural 
Resources,  commented  that  the  design  would  bring  "roiled  river  water 
and  unsightly  debris  in  contact  with  the  public  and  private  bathing 
beaches  in  the  immediate  area",  the  Corps  agreed  that  this  was  "an 
admitted  possibility  during  periods  of  high  river  discharges;  how¬ 
ever,  the  duration  of  such  conditions  is  limited." 

It  is  impossible  to  contend  that  pollution  that  is  inter¬ 
mittent  and  limited  in  duration  is  acceptable  pollution.  The  filthy 
water  brought  to  our  beaches  by  the  high  river  discharge  of  July  4, 
1977  remained  for  almost  two  weeks,  ruining  the  vacations  of  visitors 
to  Linwood  Park  during  that  period.  The  annual  late  winter  upsets  of 
the  water  last  only  a  few  days  but  they  disturb  everyone  in  Vermilion. 
The  river  water  conditions  that  led  to  the  death  of  our  duck  colony 
in  the  harbor  lasted  only  a  few  weeks  but  the  deliveryman  who  brings 
bottled  water  to  our  residence  added  seven  new  Vermilion  customers 
after  this  incident. 

The  water  pollution  caused  by  the  breakwater  was  predict¬ 
able.  The  only  reason  for  changing  from  the  original  arrowhead 
design  to  the  polluting  detached  "T"  design  was  to  reduce  the  cost 
of  "improvements."  The  arrowhead  design  was  tested  and  found  to  be 
effective.  The  best  arrowhead  design  required  30  circular  cells, 

35'  in  diameter.  The  final  detached  "T"  design  needed  only  22 
circular  cells.  Our  water  was  polluted  for  the  price  of  8  -  35' 
diameter  circular  cells  constructed  of  steel  piling.  We  were  not 
aware  of  that  until  the  breakwater  was  installed. 
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We  simply  never  had  an  environmental  chance  in  Vermilion. 
The  final  environmental  impact  statement,  dated  3  May,  1972,  contains 
a  five  page  list  of  those  who  received  the  30  September,  1971  draft 
statement.  Copies  were  sent  to  some  110  individuals  and  organiza¬ 
tions  in  Toledo,  New  Concord,  Ashtabula,  Newbury,  Hudson,  Litchfield, 
Leetonia,  Newton  Falls,  Struthers,  and  Canton,  Ohio.  No  names  in 
Vermilion  or  even  Erie  County  are  shown  on  this  list. 

City  officials  or  the  Port  Authority  apparently  received 
a  copy  of  the  DEIS  for  they  commented  on  October  1 8 ,  1971  that  “The 
citizens  of  Vermilion  all  enthusiastically  approve  and  endorse  the 
environmental  statement  and  urge  an  early  completion  of  the  project." 
That  was  an  unfortunate  statement.  The  public,  in  Vermilion,  never 
had  an  opportunity  to  approve  the  environmental  impacts  of  the 
project. 


Who1 s  to  Blame? 

We  are. 

The  citizens  of  the  United  States  are  to  blame  for  toler¬ 
ating  a  political  system  where  such  wasteful  and  environmentally 
disastrous  projects  as  the  Vermilion  Harbor  breakwater  can  pass  as 
“progress."  The  mere  fact  that  the  federal  government  appropriates 
funds  for  a  project  in  a  particular  area  tends  to  establish  the 
legitimacy  of  that  project  in  the  public  mind.  When  local  taxes 
are  assessed  for  paving,  sewers,  or  water  lines,  our  standards  for 
investment  are  stringent.  When  it's  federal  funds  that  are  being 
spent,  we  have  no  standards. 

It  is  convenient  to  place  all  the  blame  on  the  Corps,  but 
the  Corps  is  simply  a  middleman,  a  supplier.  The  cost/benefit 
analysis  on  Vermilion  Harbor  deserves  an  “F“  in  accounting  but  it 
was  not  immoral  by  our  standards  of  a  few  years  ago.  Those  who 
approved  the  project  believed  that  all  those  benefits  would  really 
happen.  They  wanted  to  believe  there  would  be  no  environmental 
costs. 

Environmentally,  the  breakwater  is  a  relic,  an  anachronism, 
an  antique.  It  represents  a  time  when  we  gave  no  thought  to  the 
environmental  costs  of  our  actions.  We  passed  our  sewage  on  to 
someone  else  without  a  second  thought.  We  built  without  any  con¬ 
sideration  of  the  consequences  to  others. 

That  era  ended,  or  should  have  ended,  in  1969  with  the 
passage  of  the  National  Environmental  Policy  Act.  The  Corps  failed 
to  catch  on  fast  enough  to  prevent  the  Vermilion  disaster.  The  same 
finesse  that  had  been  traditionally  applied  to  cost/benefit  ratios 
was  applied  to  the  environmental  statement  process.  If  one  can 
catch  fish  and  save  nets  with  a  breakwater,  it  is  easily  possible 
to  dismiss  pollution  as  “limited  in  duration"  and  Ignore  beach 
erosion.  Now,  we  are  faced  with  the  reality  that  there  are  no 
benefits  -  only  costs  -  and  we,  in  Vermilion,  have  to  pay  those 
costs. 


The  Solution  for  Vermi 1 i on  Harbor 


8  - 


Two  types  of  solutions  are  available  to  us  in  Vermilion. 

The  breakwater  portion  of  the  project  can  be  discontinued,  or  the 
breakwater  can  be  structurally  altered  to  eliminate  some  of  its 
undesirable  effects.  Fortunately,  we  know  what  we'll  pay  if  the 
breakwater  is  removed.  The  beaches  will  revert  to  their  pre-1972 
conditions  of  stability  and  purity.  Waves  will  again  enter 
Vermilion  Harbor  to  scour  out  the  silt.  The  harbor  entrance  would 
be  what  the  Corps  has  termed  "a  desirable  straight-in  approach." 

The  water  intake  location  would  be  viable  and  flood  potential  would 
be  diminished.  However,  some  dock  locations  would  experience  light 
wave  action. 

Structural  modifications  and  additions  are  possible.  At 
a  minimum,  the  river  must  be  restored  to  its  former  course.  Groins 
and  sand  fill,  or  sand  replenishment,  for  Linwood  and  Nakomis 
beaches  are  a  necessity  if  these  beaches  are  to  coexist  with  the 
breakwater.  Harbor  silting  and  flood  potential  problems  might  be 
alleviated  to  some  extent  by  modifications.  However,  if  waves  are 
to  be  kept  out  of  the  harbor,  the  price  must  be  paid  in  dredging. 

No  consideration  should  be  given  to  modification  of  the 
project  until  a  favorable  cost/benefit  ratio  has  been  established 
for  the  breakwater  as  is.  The  public  cannot  be  expected  to  accept 
benefit  derivations  that  started  out  in  l 956  at  $107,000,  escalated 
to  $63^,000  a  year  in  1975,  and  then  were  withdrawn  in  197b.  The 
Corps  is  legally  required  to  prove  that  national  benefits  exceed 
federal  costs  and  that  total  benefits  exceed  total  costs,  even  at 
2$%  interest. 

We  had  years  of  engineering  studies  on  Vermilion  Harbor. 

We  now  have  lawyers  studying  the  legality  of  diverting  a  polluted 
river  into  bathing  areas  and  our  water  supply.  It  is  time  to  bring 
in  independent  public  accountants  for  an  unbiased  cost/benefit  study. 

If  the  breakwater  cannot  be  justified  as  it  stands,  it 
should  be  removed.  If  benefits  can  be  shown  to  exceed  costs  now, 
it  is  then  necessary  to  add  in  the  costs  of  correcting  the  environ¬ 
mental  problems  and  calculate  a  new  ratio.  The  initial  cos  t/->enef  i  t 
analysis  can  be  and  should  be  available  concurrently  with  the  con¬ 
clusion  of  the  special  impact  study  and  the  Section  III  study  in 
early  1978. 

It  is  difficult,  perhaps  impossible,  to  put  a  price  on 
intangible  environmental  problems  such  as  flood  risk  and  the 
aesthetics  of  building  groins  on  an  attractive  3700'  stretch  of 
beach.  Therefore,  the  public  must  be  consulted  at  every  step  to 
a  solution.  We  cannot  afford  to  repeat  the  mistake  of  allowing 
the  Corps  to  determine  that  a  river  diversion  would  be  environ¬ 
mentally  acceptable.  We  are  the  customer  -  we  are  paying.  Our 
rights  as  the  customer  should  not  be  assumed  by  the  Corps. 
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Time  is  an  extremely  important  factor  and  I98O  is  three 
years  off.  We  should  not  be  expected  to  endure  three  more  summers 
of  polluted  water.  Lagoons  residents  should  not  have  to  participate 
in  a  three-year  study  of  flood  potential.  Our  beach  can  disappear 
and  fill  the  harbor  entrance  with  sand  in  just  twelve  hours  of  a 
massive  northeast  storm.  The  Corps  may  have  time  to  study  and  plan 
but  we  don't  know  how  much  time  we  have. 

We  need  a  decision  from  the  Corps  and  from  the  C i ty  of 
Vermi lion.  If  there  is  not  enough  information,  enough  knowledge^ 
to  accurately  assess  what  the  breakwater  is  doing  and  will  do, 
the  structure  should  be  dismantled. 

The  breakwater  should  go  the  way  of  the  original  cost/ 
benefit  ratio  -  it  should  be  withdrawn. 

Respectfully  submitted, 

C-/ 1  c  «.  ^  **  ***tv*-i 

Q^orgfc^  W .  G^os  sman 

cc :  All  Conco rned 


153  Pickwick  Drive 
Northfiold,  Ohio 
August  29,  1977 

Col.  Daniel  Ludwig 
Distrlot  Engineer 

Buffalo  Distrlot,  Corps  of  Engineers 
1776  Niagara  Street 
Buffalo,  New  York  142 07 

Dear  Col.  Ludwig: 

IThls  letter  la  comment  submitted  for  the  August  30,  1977  Public 
Meeting  on  Impacts  of  the  Breakwater  at  Vermilion  Harbor. 

I  am  a  resident  of  Northfield,  Ohio  and  also  own  a  summer  cottage 
on  Ash  Street  in  Linwood  Park  at  Vermilion.  I  am  a  member  of  the 
Llnwood  Park  Cottage  Owners  Association  and  a  part-owner  of  the 
Linwood  Park  Company. 

I  welcome  the  opportunity  to  comment  on  the  Impacts  of  the  breaks 
water  and  will  address  the  following  points: 

1.  What's  good  about  the  breakwater. 

2.  What  was  supposed  to  be  good  about  the  breakwater  but 
actually  Isn't. 

3.  The  adverse  lmpaots  caused  by  the  breakwater. 

4.  The  fallaoy  of  blaming  erosion  on  high  water  levels. 

5.  Recommendations  for  action. 

First  -  what's  good  about  the  breakwater? 

It  does  reduce  wave  action  in  the  river  channel  and  boats  that 
are  in  the  outer  part  of  the  harbor  don't  rock  as  much.  That  is 
the  breakwater's  only  apparent  real  benefit. 

Second  -  Improvements  that  were  supposed  to  occur  but  didn't. 

There  was  supposed  to  be  some  advantage  to  commercial  fishing. 
There  is  not.  irishman's  fishing  boats  go  about  their  business 
the  same  as  before  and-any  changes  to  the  fishing  pattern  are  due 
to  the  number  and  types  of  fish  in  the  lake  -  not  to  any  changes 
in  the  harbor  design. 

Recreational  boating  was  supposed  to  be  Improved.  There  is  no 
evidence  of  Improvement.  There  has  been  no  massive  increase  in 
the  number  of  recreational  boats  using  the  harbor  or  any  substant¬ 
ial  increase  in  marina  facilities.  Obviously  the  public  does  not 
perceive  Vermilion  Harbor  as  having  improved.  In  fact,  for  people 
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operating  sailing  craft,  it's  very  often  more  difficult  to  get  in 
aid  out  of  the  harbor  due  to  the  obstruction  of  the  breakwater. 

Tno  harbor  was  supposed  to  become  a  refuge  for  small  craft  in  severe 
weather.  Wo  have  no  evidence  of  any  instancos  where  the  breakwater 
provided  rofuge  for  boats  in  distress.  On  the  contrary,  we  had  an 
instance  la3t  year  when  calm  water  behind  the  breakwater  lulled  a 
race  committee  into  a  false  sense  of  security  and  the  consequence 
was  a  sailboat  rolled  over  by  six-foot  waves  as  soon  as  it  left 
the  harbor.  The  rescue  of  the  crew  was  dramatic,  but  that  boat 
would  probably  never  have  left  the  harbor  if  the  breakwater  had 
not  been  there. 

Going  on  to  adverse  impacts. 

The  swimming  areas  on  both  3ldes  of  the  river  are  grossly  polluted  by 
the  diversion  of  the  Vermilion  river  across  the  beaches.  This 
pollution  includes  sewage  plant  effluent,  runoff  from  developed  areas., 
and  construction  work,  and  raw  sewage  from  boats  in  tho  harbor. 

Tno  corner  at  tho  Intersection  of  the  Lagoons  beach  and  the  East 
pier  is  almost  always  a  black,  noxious  mess.  Most  days  during  the 
summer  the  beaches  are  polluted  visibly  by  detergent  bubbles  and 
floating  debris.  From  a  heavy  rain  that  occurred  this  past  July  4th, 
tho  water  In  the  swimming  areas  was  dirty  brown  for  two  full  weeks. 
Previous  to  construction  of  the  breakwater,  all  this  pollution 
flowed  straight  out  into  the  lake  and  waB  dispersed  over  a  large 
area. 

The  breakwater  Is  the  direct  cause  of  a  massive  change  to  the  contours 
of  the  Lagoons-Linwood-Nakomls  beach.  Prior  to  construction  of 
the  breakwater,  this  beach  had  been  stable  and  had  suffered  no  erosion. 
This^'amply  documented  by  survey  drawings  and  aerial  photographs 
going  back  nearly  a  hundred  years.  Through  high  water  and  low  water 
and  with  storms  coming  from  all  directions,  this  beach  changed  very 
little.  The  breakwater  presents  a  wind  shadow  that  prevents  North¬ 
west  waves  from  reaching  the  beach  and  equalizing  the  forces  of  North¬ 
east  waves.  Three  strong  Northeast  storms  last  spring  and  summer 
rolled  all  the  sand  out  of  the  eastern  one-third  of  this  beach  allowing 
wave  action  to  erode  the  overhanging  bluff  and  topple  several  large 
trees . 

The  beach  sand  has  piled  up  at  the  East  pier  and  much  of  it  has 
flowed  around  the  pier.  How  much  sand  has  been  lost  from  this  beach? 

We  know  that  about  2 0,  000  cubic  yards  was  dredged  and  thrown  away 
into  the  lake  in  1975".  From  a  study  of  aerial  photographs,  I  estimate 
that  an  additional  40,  000  cubic  yards  has  flowed  around  the  piers  in 
the  last  three  years.  It  costs  approximately  $6.00  per  yard  to  truck 
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sand  into  this  area.  I  conclude  that  the  replacement  cost  of  the 
sand  already  lost  from  this  beach  is  $360,000  with  more  sand  being 
108 t  every  time  there  is  wave  action  from  the  Northeast.  I  invite 
you  to  make  your  own  calculation  if  you  don't  agree  with  these  numbers.  - 
Those  people  on  the  West  side  of  the  piers  who  are  now  acquiring  new 
beaohes  should  understand  that  the  average  dVreo t.i  nn  of  longshore  sand 
drift  in  this  part  of  Lake  Erie  is  to  the  fiKHr^and  all  that  sand  that 
passes  around  the  piers  will  keep  moving  until  it  reaohes  the  beaches 
and  harbor  structures  East  of  Huron. 

The  breakwater  also  acts  as  a  dam  slowing  the  flow  of  water  into  the 
lake.  Upstream  runoff  in  the  form  of  suspended  solids  is  settling 
out  in  the  harbor  Instead  of  washing  into  the  lake.  The  entire  harbor 
needs  to  be  dredged  now  and  the  economic  impact  (#450,000  )  to  residents 
of  the  Lagoons  will  be  severe. 

I  would  likBto  comment  at  this  time  on  the  "high-water"  theory. 

We  hear  over  and  over  that  beach  erosion  in~the  Great  LakeB  is  due 
to  "high-water" .  I  submit  that  there  is  no  scientific  or  engineering 
validity  to  that  statement.  Beaches  are  only  eroded  by  wave  action  and 
wave  action  is  a  function  of  wind  velocity  and  direction,  fetch  distances, 
and  the  Interference  of  natural  and  man-made  shore  structures  and 
offshore  structures.  I  repeat  what  I  stated  before  -  previous  to 
construction  of  the  breakwater  and  lt&  interference  with  established 
wave  patterns,  there  was  no  erosion  and  no  significant  change  in 
contour  of  the  Lagoons-Llnwood-Nakomis  beach  no  matter  how  high  or  low 
the  water  level. 

Don't  be  lulled  into  an  incorrect  conclusion  by  looking  at  the  eastern 
portion  of  this  beach  and  correlating  this  with  lower  lake  levels  this 
year.  The  narrow  beach  at  the  East  end  is  sand  that  was  rolled  back  by 
strong  Northwest  winds  last  fall.  They  were  equal  in  strength  to  the 
Northeast  winds  of  last  spring  and  summer,  but  did  not  restore  the 
beach  to  its  original  contour.  There  have  been  no  strong  Northeasters 
this  year,  but  our  experience  of  last  year  tells  us  that  the  next  wind 
that  generates  8  to  10  foot  waves  for  24  hours  will  again  roll  all  the 
sand  away  from  Nakomis  and  the  eastern  part  of  Linwood.  This  will  happen 
even  if  the  average  water  level  is  two  feet  or  even  four  feet  lower 
than  it  is  now. 

You  should  realize  that  the  adverse  Impacts  from  the  breakwater  are 
much  more  severe  than  the  minimal  favorable  effects.  The  proper  and 
least  cost  solution  to  our  problems  is  complete  removal  of  the  breakwater 
and  replenishment  of  lost  beach  sand.  A  decision. to  keep  this  structure 
While  still  trying  to  mitigate  the  adverse  impacts  will  lead  to  modif¬ 
ications  that  will  cost  as  muoh  as  the  breakwater's  original  oost, 
groin  fields  on  the  beaohes,  and  continuing  sand  haul  or  sand  replen¬ 
ishment  programs. 

In  conclusion,  we  don't  need  this  breakwater,  -  it  does  more  damage 
than  it  does  good,  -  its  adverse  impaots  cure  tooo  expensive ,  -  and  it 
ought  to  be  removed! 


DFRAR  MfNT  OF  THE  ARMY 
BUFFALO  O'  (RICT, CORPS  OF  t  Nt'u  NF.t  RS 
:  ?  'o  NIAGARA  STREET 
BUFFALO,  NEW  YORK  IU20? 


NCBED-PW 


A  August  1978 


Dear  Participant: 

The  Buffalo  District  has  recently  completed  the  initial  phase  of  our 
investigation  to  determine  the  effect  the  detached  breakwater  at 
Vermilion  Harbor  has  on  the  surrounding  area.  The  two  reports  docu¬ 
menting  the  studies  are: 

a .  Vermilion  Harbor,  Onlo,  Breakwater  Impact  Study,  Study  of  the 
Impact  of  the  Offshore  Breakwater  on:  Municipal  Water  Supply; 
Swimming  Area  and  Beaches;  Icc  Jam  Flooding;  Free-Flow  Flooding; 
Sedimentation;  Navigation;  and  Aesthetics,  dated  April  1978. 

b.  Vermilion  Harbor,  0:  10,  Section  1.1  Study  -  Study  of  the 
Impact  of  the  Federal  Navigation  Structures  on  Shoreline  Proceaaes 
(Draft  Report),  dated  May  1978. 

This  letter  is  to  provide  you  summary  information  on  the  results  from 
these  two  reports  prior  to  the  'll  August  1978  Public  Meeting.  The 
purpose  of  the  Public  Meeting  is  to  present  the  results  of  the 
current  phase  of  the  two  companion  studies  and  solicit  your  views  on 
the  future  course  of  action  you  would  prefer  for  Vermilion  harbor.  I 
trust  that  this  summary  is  sufficient  to  allow  you  to  actively  par¬ 
ticipate  in  the  public  meeting.  However,  loan  copies  of  the  two 
reports  can  be  obtained  at  the  following  locations  if  you  are 
interested  in  reviewing  the  reports: 

Ritter  Public  Library 
5680  Liberty  Avenue 
Vermilion,  Oh  44089 


Vermilion  Port  Authority 
Town  Hall 

Vermilion,  OH  44089 


NCBED-PW 


Honorable  Jim  Odom 
Mayor,  City  of  Vermilion 
Vermilion  Service  Center 
5335  Devon  Dr. 

Vermilion,  OH  44089 

Linwood  Park  Company 
Superintendent ' s  Office 
Linwood  Park 
Vermilion,  OH  44089 

Until  the  supply  is  exhausted,  individuals  can  purchase  personal 
copies  of  either  (or  both)  reports  at  the  printing  cost  of  $16.06 
for  the  Section  111  Study  and  $31.10  for  the  Special  Impact  Study  by 
writing  to  the  Buffalo  District  at  the  address  shorn  on  the  public 
notice.  Please  remit  a  check,  payable  to  the  U.S.  Army  Engineer 
District,  Buffalo,  with  the  request. 

Inclosure  1  Is  the  information  packet  that  summarizes  the  results  of 
the  Section  111  Erosion  Study  and  the  Special  Impact  Study  and  my 
decision  on  further  action  at  Vermilion  Harbor.  Inclosure  2  outlines 
the  format  and  agenda  for  the  meeting.  If  you  have  any  questions  on 
this  matter,  call  my  Project  Manager,  Mike  Wojnas,  at  (716)  876-5454, 
ext.  2263. 

I  encourage  you  to  attend  and  participate  in  the  public  meeting  on 
31  August  1978. 


2  Incl 
as  stated 


Sincerely  yours. 


DANIEL  D.  LUDWIG,  PE 
Colonel,  Corps  of  Engineers 


District  Engineer 


Inclosure  1 
Attachment:  1 
Attachment  2 
Attachment  3 

Attachment  4 
Attachment  3 


INFORMATION  PACKET 
ON 

THE  RESULTS  OF  THE 
VERMILION  HARBOR,  OHIO 
SKCTiON  111  EROSION  STUDY 
AND 

SPECIAL  IMPACT  STUDY 


TABLE  OF  CONTENTS 

-  General  Information 

-  Conclusions  of  the  Special  Impact  Study  (not  included  herein) 

-  Conclusions  of  Stanley  Consultants'  Section  111  Report 

-  Map  Showing  Change  in  Shoreline  Equilibrium  Since 
Breakwater  Construction 

-  Syllabus  to  the  Special  Impact  Study  Report  (not  included  herein) 

-  Syllabus  to  the  Section  111  Report 
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IN-  RMATION  PACKET 
ON 

riiK  RESULTS  OF  THE 
VERMILION  HARBOR,  OHIO 
SECTION  111  EROSION  STUDY 
AND 

SPECIAL  IMPACT  STUDY 


1.  The  Vermilion  Harbor  Project.  The  Vermilion  Harbor  navigation 
project  (see  Plate  1)  consists  of  parallel  piers,  a  detached  break¬ 
water,  lake  approach  channels,  an  entrance  channel,  and  river  chan¬ 
nels,  all  maintained  by  the  Federal  Government.  The  existing  project 
was  constructed  in  stages  as  authorized  by  the  River  and  Harbor  Acts 
of  1836,  1875,  1905,  ar.d  1958.  The  most  recent  phase  -  construction 
of  the  detached  breakwater  —  was  completed  in  1973.  Project  purposes 
include  commercial  fishing,  recreational  boating  for  shallow-draft 
pleasure  craft,  and  a  harbor  of  refuge  for  small  craft. 

2 .  Events  Leading  to  the  Shore  Erosion  and  Special  Impact  Studies. 
Since  May  1974,  Buffalo  District  has  received  complaints  from 

the  Linwood  Park  Cottage  Owners  Association  (LPCOA)  that  the  detached 
breakwater,  constructed  in  1973,  is  causing  erosion  of  its  nearby 
shoreline.  Subsequent  letters  on  this  and  other  matters  from  con¬ 
cerned  citizens  supporting  LPCOA* s  position  and  urging  remedial 
action  by  the  Corps  of  Engineers  resulted  in  a  decision  by  the 
Buffalo  District  Engineer  to  conduct  a  cursory  review  to  establish 
the  validity  of  the  complaints.  It  was  concluded  that  many  of  the 
problems  identified  by  the  citizenry  were  either  not  addressed  in  the 
original  planning  documents  or  not  Investigated  in  sufficient  depth 
to  satisfy  the  local  concerns.  Further,  review  by  Buffalo  District 
indicated  that  the  LPCOA  had  correctly  identified  several  adverse 
impacts,  although  the  magnitude  of  the  adverse  impacts  could  not  be 
quantified.  Therefore,  in  December  1975  funds  were  requested  to  pre¬ 
pare  a  study  of  possible  adverse  effects  (other  than  shore  erosion) 
caused  by  the  breakwater  construction.  Funds  from  the  Corps 
"Operations  and  Maintenance"  program  were  requested  to  perform  the 
Special  Impact  Study.  Because  there  is  a  specific  authorization  for 
investigating  mitigation  of  shore  erosion  problems,  the  erosion  study 
for  Vermilion  Harbor  could  not  be  included  as  3n  item  under  the 
Special  Impact  Study.  The  basic  authority  for  investigating  the 
problem  of  possible  shore  erosion  is  Section  111  of  the  River  and 
Harbor  Act  of  1968  (PL  90-483). 

In  response  to  a  3'  I  <ly  ' n  4  request  fr>»  the  State  of  Ohio,  the 
Buffalo  District  Engineer  initiated  the  Section  111  Study  to  address 
possible  effects  of  the  harbor  structures  on  the  adjacent  shoreline. 
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Impacts  Investigated. 


a.  Section  111  Erosion  Study  -  As  stated  above,  and  as  the  name 
Implies,  only  the  shoreline  change  (beach  erosion)  problem  was 
addressed  under  the  Section  111  authority. 

b.  Special  Impact  Study  -  A  number  of  adverse  impacts  were  iden¬ 
tified  by  concerned  citizens  (particularly  spokespersons  for  the 
Linwood  Park  Cottage  Owners  Association)  in  the  Vermilion  area.  As  a 
result  of  public  input,  the  impacts  of  the  detached  breakwater  on 
the  following  seven  items  were  investigated: 

(1)  Periodic  contamination  of  the  Vermilion  municipal  water 
supply. 

(2)  Diversion  of  Vermilion  River  water  into,  and  pollution  of, 
adjacent  recreational  swimming  area. 

(3)  Increase  (or  decrease)  of  ice  formation  in  the  calm  waters 
shoreward  of  the  breakwater  at  the  harbor  entrance  and  increase  (or 
decrease)  in  probability  of  ice  jam  flooding. 

(4)  Increase  in  flood  potential  on  Vermilion  River  due  to 
raising  the  river  water  surface  profile. 

(5)  Rapid  sediment  accumulation  in  the  Vermilion  River  and 
increase  in  sedimentation  in  the  adjacent  private  lagoons  causing 
Increased  dredging  costs. 

(6)  Navigation  hazards  due  to  traffic  congestion  at  the  mouth 
of  the  entrance  and  blind  corners. 

(7)  Aesthetics. 

4.  Objective  of  Current  Phase  of  Study.  The  study  objective  for 
this  phase  of  the  study  was,  where  practicable,  to  provide  quan¬ 
titative  evaluations  of  the  impacts.  Otherwise,  the  conclusions  were 
to  be  qualitative  in  nature.  Thus,  the  Corps  goal,  in  this  phase, 
was  to  determine  whether  or  not  the  impacts  are  sufficiently  adverse 
to  warrant  mitigation.  If  it  was  concluded  that  mitigation  was 
required,  the  type  of  mitigative  measures  to  be  constructed  were  to 
be  evaluated  in  a  subsequent  stage  of  the  study. 

5.  Public  Involvement  and  Study  Progress. 

a.  Public  Involvement  -  An  Orientation  Public  Meeting  was  held 
at  Vermilion  High  School  on  August  30,  1977.  Approximately  130 
interested  citizens,  officials  of  various  Federal,  State,  and  local 
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agencies,  and  representatives  of  special  interest  groups  attended  the 
meeting.  Since  the  public  meeting,  Corps  staff  involved  in  the  study 
have  had  numerous  discussions  with  officials  at  various  levels  of 
Government  and  interested  citizens  to  obtain  information  on  the 
study  area  and  to  discuss  preliminary  study  results.  All  known 
interested  parties  were  sent  copies  of  the  information  packets  for 
the  August  1977  public  meeting  and  this  public  meeting. 

b.  Study  Progress  -  As  was  stated  at  the  August  1977  public 
meeting,  Stanley  Consultants  of  Cleveland,  OH,  and  Muscatine,  Iowa, 
was  hired  by  the  Buffalo  District  to  conduct  the  Special  Impact  and 
Section  111  Erosion  Studies.  The  Scope  of  Work  for  these  two  studies 
specified  that  Stanley  Consultants  conduct  investigations  to  quantify 
the  significance  of  the  favorable  and  adverse  impacts  created  by  the 
detached  breakwater  with  the  objective  of  recommending  whether  or  not 
mitigation  of  adverse  impacts  should  be  considered.  Stanley's  recom¬ 
mendation  for  mitigation  was  to  be  predicated  upon  their  evaluation 
of  the  significance  of  the  adverse  impact.  A  summary  of  Stanley’s 
findings  on  each  of  these  eight  impacts  is  included  as  Attachment  1 
of  this  packet.  The  Stanley  draft  report  on  the  Special  Impact  Study 
was  submitted  to  Buffalo  District  for  review  and  comments  on  16 
February  1978.  Stanley  Consultants  incorporated  these  comments,  as 
appropriate,  into  their  final  report  submitted  to  Buffalo  District  on 
28  February  1978.  The  draft  of  the  Section  111  Study  was  forwarded 
to  Buffalo  District  on  23  March  1978,  and  the  final  version  was  fur¬ 
nished  on  1  June  1978.  Attachment  2  provides  Stanley's  summary 
conclusions  on  this  study. 

The  final  versions  of  the  Stanley  reports  were  reviewed  by  Buffalo 
District  and  a  position  paper  on  each  was  prepared.  These  Buffalo 
District  position  papers  are  Included  as  a  syllabus  to  the  respective 
Stanley  Reports.  The  Buffalo  District  Engineer's  conclusions  and 
recommended  future  course  of  action  as  presented  in  the  Syllabi  are 
included  herein  as  Attachments  A  and  5. 


Copies  of  the  two  reports,  with  Syllabi,  have  been  sent  to  the 
addresses  listed  in  the  cover  letter  for  loan  to  interested  indivi¬ 
duals  who  wish  to  review  the  reports. 


6.  Results  of  Stanley  Consultants*  Studies. 


a.  Special  Impact  Study  -  The  investigation  of,  and  the  conclu¬ 
sions  reached  are  presented  in  the  report  titled  Vermilion  Harbor, 
Ohio,  Breakwater  Impact  Study  -  Study  of  the  Impact  of  the  Offshore 
Breakwater  on:  Municipal  Water  Supply;  Swimming  Area  and  Beaches; 
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Ice  Jam  Flooding;  Free-Flow  Flooding;  Sedimentation;  Navigation;  and 
Aesthetics,  dated  April  1978. 

The  summary  and  conclusions  reached  by  Stanley  Consultants  are  pre¬ 
sented  In  Chapter  10  of  the  April  1978  report.  The  six  pages  of 
Chapter  10  are  Included  herein  as  Attachment  1. 

To  summarize,  Stanley  Consultants  concluded  that  mitigation  should 
not  be  considered  fot: 

(1)  Contamination  of  the  Vermilion  water  supply; 

(2)  Increased  flood  potential  for  the  free-flow  condition; 

(3)  Navigation  hazards;  and 

(4)  Aesthetics; 

and  that  the  breakwater  is  creating  an  adverse  effect  on  and  mitiga¬ 
tion  should  be  considered  for: 

(1)  Ice  jam  flooding  by  increasing  the  ice  jam  potential  at  the 
harbor  entrance;  and 

(2)  The  recreational  swimming  areas  to  the  east  by  diverting 
polluted  Vermilion  River  water  to  them. 

Stanley  also  concluded  that  the  breakwater  has  not  had  a  significant 
impact  on  the  Vermilion  River  channel  upstream  of  Erie  lagoon  or  any 
of  the  four  lagoons,  and  that  conclusions  regarding  deposition  at  the 
river  entrance  and  the  lake  approach  channels  cannot  be  reached  until 
the  subsequent  comprehensive  study  of  shoreline  erosion  and  sediment 
transport  under  Section  111  is  completed.  In  the  Section  111  Report 
(page  43),  Stanley  states. .. "The  channel  deposits  in  the  lake 
approach  channel  and  river  channel  are  caused  by  the  offshore 
breakwater. " 

b.  Section  111  Erosion  Study  -  The  conclusions  of  Stanley's 
Section  III  study  are  presented  on  pages  41-47  of  the  report  titled: 
Vermilion  Harbor,  Ohio,  Section  111  Study  -  Study  of  the  Impact  of 
the  Federal  Navigation  Structures  on  Shoreline  Processes,  dated  May 
1978.  Attachment  2  to  this  information  packet  is  a  copy  of  those 
pages. 

One  of  the  major  conclusions  of  Stanley's  study  specified  that  the 
offshore  break  water  has  contributed  significantly  to  shoreline 
reorientation  as  characterized  by  accretion  near  the  piers  and  ero¬ 
sion  at  Linwood  Beach.  Attachment  3,  reproduced  from  Stanley's 
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Section  111  Report,  graphically  shows  the  estimated  change  In  long¬ 
term  equilibrium  at  Vermilion  produced  by  the  detached  breakwater. 

7.  Buffalo  District  Findings.  Stanley  Consultants'  Special  Impact 
Study  and  Section  111  Study  were  reviewed  and  evaluated  by  the 
Buffalo  District  Engineer  and  his  staff.  The  results  of  this  analy¬ 
sis  and  the  decisions  reached  by  the  District  Engineer  are  presented 
as  a  Syllabus  t  each  of  Stanley's  studies,  and  included  herein  as 
Attachments  A  and  5  for  your  information. 

The  methodologies  used  by  Stanley  Consultants  ore  consistent  with 
good  engineering  practice  and  the  contract  requirements.  Except  for 
the  Buffalo  District's  position  that  the  lakeward  limit  for  the  post¬ 
breakwater  equilibrium  state  will  extend  further  lakeward  than  shown 
on  Attachment  3,  the  conclusions  reached  by  Stanley  Consultants  are 
considered  reasonable. 

8.  Other  Related  Investigations  Underway  at  Vermilion.  In  addition  to 
these  two  studies,  Buffalo  District  has  recently  completed  (May  1978) 

a  study  to  determine  the  viability  of  protecting  an  endangered  inter¬ 
ceptor  sewer  line  located  on  the  bluff  at  Llnwood  Park.  This 
investigation  was  made  under  the  authority  of  Section  14  of  the  1946 
Flood  Control  Act,  as  amended.  Section  14  provides  the  Corps  of 
Engineers  authority  for  constructing  emergency  streambank  and  shore¬ 
line  protection  of  public  works  and  non-profit  public  services. 

Three  plans  of  improvement  were  considered  for  protecting  the  inter¬ 
ceptor  sewer  at  Linwood  Park,  and  a  rubblemound  revetment  about  400 
feet  long  was  selected  as  the  proposed  plan  of  improvement  under 
Section  14.  The  rubblemound  revetment  alternative  was  selected 
because  it  would  provide  the  most  complete,  least  expensive  protec¬ 
tion  for  the  bluff  and  the  sanitary  sewer  interceptor. 

Several  of  the  alternative  designs  presented  in  the  Syllabus  to  the 
Section  111  Study  (see  Attachment  5)  would  protect  the  interceptor  at 
Linwood,  thus  eliminating  the  need  for  the  Section  14  revetment. 

These  Section  111  alternatives  are:  beach  nourishment  at  Linwood 
Beach  (Alternatives  2  and  4  of  Attachment  5),  the  groin  field  with 
nourishment  (Alternative  6);  and  the  segmented  breakwaters  with 
nourishment  at  Linwood  Beach  (Alternative  7).  Similarly,  possible 
measures  to  mitigate  ice  jam  flooding  and  pollution  of  Lagoons  and 
Linwood  Beaches  under  the  Special  Impact  Study  could  preclude  the 
need  to  construct  such  permanent  works  as  the  groin  field  or  the 
segmented  breakwater  under  Section  111.  Thus,  the  decisions  made 
regarding  each  of  these  three  studies  must  consider  the  effect  on  the 
others  to  insure  compatibility  and  prevent  redundancy. 
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9*  Schedule  of  Future  Activities.  After  considering  the  information 
provided  at  the  il  August  1978  public  meeting,  the  Buffalo  District 
Engineer  will  decide  upon  the  future  course  of  action  on  constructing 
the  revetment  under  Section  14  and  the  alternative  for  mitigation  of 
shoreline  damage  to  be  carried  through  final  design  under  the 
authority  of  Section  111.  The  decisions  on  these  two  matters  will 
be  announced  through  the  media  and  interested  organizations  and  local 
government  officials  will  be  notified.  Final  design  for  the  Section 
111  must  then  be  prepared  and  approval  of  the  Buffalo  District 
Engineer's  recommendation  obtained  from  Corps  higher  authority.  The 
schedule  for  completing  this  action  is  indeterminate  until  the 
Section  111  mitlgative  measure  is  selected. 


It  is  expected  that  the  additional  studies  of  the  beach  pollution  and 
ice  jam  flooding  problems  for  the  Special  Impact  Study  will  be  per¬ 
formed  by  a  consulting  firm.  The  contract  would  be  awarded  in  the 
fall  of  1978,  and  contingent  upon  the  amount  of  field  data  required, 
the  Special  Impact  Study  could  be  completed  in  late  1979. 

The  study  results,  recommendations  made,  and  decisions  reached  would 
be  made  public  and  a  public  meeting  held,  if  deemed  appropriate. 


5  Attachments 

I*  Chapter  10  (Conclusions)  of  Stanley  Consultants'  Special  Impact 
Study  Report 

2.  Section  5  (Conclusions)  of  Stanley  Consultants'  Section  111 
Report 

3.  Map  Showing  Change  in  Shoreline  Equilibrium  Since  Breakwater 
Construction” 

Syllabus  to  the  Special  Impact  Study  Report 
5.  Syllabus  to  the  Section  111  Report 


NOTES  AND  AGENDA 
Information  Public  Meeting  on 
The  Special  Impact  Study  and  Section  111 
Shoreline  Damage  Study  of  the 
Federal  Navigation  Project 
at 

Vermilion,  Ohio 


1 .  NOTES 

Registration  Cards.  You  will  be  given  a  registration  card  at  the 
meeting.  Please  give  your  completed  registration  to  any  meeting 
official.  These  cards  become  a  part  of  the  meeting  record.  Make 
sure  you  indicate  whether  you  wish  to  make  a  statement. 

Statements.  Written  statements  are  preferred  for  the  sake  of 
accuracy,  but  oral  statements  may  be  made  without  a  written  document. 
Written  statements  need  not  be  read;  they  become  part  of  the  official 
record  whether  or  not  read  aloud.  Prepared  statements  may  be  sub¬ 
mitted  to  any  meeting  official. 

Meeting  Proceedings.  You  may  record  the  proceedings  of  the 
meeting  if  you  wish;  however,  a  professional  stenographer  will  record 
the  proceedings,  and  transcripts  of  this  record  will  be  available  at 
cost  from  the  District  Engineer,  U.S.  Army  Engineer  District, 

Buffalo,  1776  Niagara  Street,  Buffalo,  NY  14207. 

2 .  AGENDA 

Opening  Remarks,  Introductions,  and  Corps  Presentation.  Colonel 
Daniel  D.  Ludwig,  District  Engineer,  U.S.  Army  Engineer  District, 
Buffalo. 

Presentation  of  Views.  (Each  group  will  have  an  opportunity  to 
speak  but  not  necessarily  in  the  order  listed). 

(1)  Members  of  Congress  (or  their  representatives) 

(2)  Representatives  of  the  Governor 

(3)  Members  of  State  Legislature 

(4)  Representatives  of  Federal  Agencies 

( *  Representatives  of  State  Agencies 

(6)  County  Officials 
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(7)  City  Officials 

(8)  Interested  Individuals 

(9)  Representatives  of  Civic  Organizations 

Closing  Concents.  Colonel  Daniel  D.  Ludwig 
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SECTION  V  -  IMPACT  OF  FEDERAL  NAVIGATION  STRUCTURES 


Impact  on  Shoreline  Alignment  and  Beach 

Distribution  -  The  federally  constructed  improvements  at  Vermilion 
Harbor  have  significantly  affected  shoreline  conditions  in  the  Ver¬ 
milion  Harbor  area,  beginning  with  the  construction  of  the  parallel 
piers  in  1836,  Significant  erosion  of  the  western  shore  occurred 
within  10  years,  and  an  accretion  of  500  feet  occurred  to  the  east 
of  the  piers  during  the  same  period.  The  shoreline  then  stabilized  at 
an  equilibrium  alignment  which  was  maintained  with  little  significant 
change  until  1972.  Although  this  initial  erosion  from  1837  to  1847  was  sub¬ 
stantial,  no  serious  consideration  of  mitigation  of  these  effects  is 
warranted  at  this  point  over  130  years  later. 

The  most  recent  alteration  in  shoreline  alignment  began  in  1972 
and  continued  to  1976,  spanning  the  1973  construction  of  the  offshore 
breakwater.  Although  the  breakwater  could  not  have  been  the  cause 
of  the  initial  change,  it  appears  that  the  presence  of  the  structure 
accelerated  the  accretion  of  sand  in  the  800  to  1,000  foot  area  adjacent 
to  the  east  pier  by  blocking  the  erosive  pwer  of  northwesterly  waves. 

A  rigorous  mathematical  analysis  of  littoral  transport  does  not  predict 
a  significant  accretion  of  sand  in  this  area.  However,  a  shift  in  the 
equilibrium  angle  of  the  beach  east  of  the  piers  of  up  to  10  degrees  is 
predicted,  which  agrees  well  with  the  observed  change. 

The  critical  question  is  whether  or  not  the  shoreline  will  continue 
to  accrete  in  the  vicinity  of  the  east  pier  and  erode  at  the  east  end 
of  Linwood  Beach.  Recent  surveys  and  photos  indicate  that  no  further 
re-orientation  of  the  shoreline  has  occurred  since  1976.  In  fact,  some 
accretion  has  occurred  at  the  east  end  of  Linwood  Park  (see  Figures  14 
and  16),  probably  resulting  from  incoming  sand  from  the  east.  No  recent 
significant  reduction  of  the  accreted  deposit  at  the  east  pier  is  evident, 
however. 


The  mathematical  analysis  of  littoral  processes  predicts  that 
eastward  transport  should  occur,  and  some  reversal  of  the  1972-76 
pattern  would  be  expected.  The  future  shoreline  alignment  may  also 
be  affected  by  unusual  wind  distributions. 

After  consideration  of  all  the  factors  Involved,  it  is  our 
opinion  that  no  further  clockwise  shift  in  shoreline  orientation  is 
likely. 

Iapact  on  Sediment  Budget 

As  discussed  previously,  the  influx  and  outflow  of  sediment  to 
the  Lagoons-Linwood  Beach  system  is  very  difficult  to  evaluate.  In¬ 
flow  from  the  bluff  to  the  east  can  vary  from  1,000  cubic  yards  of 
beach  building  material  per  year  to  over  13,000  cubic  yards  per  year 
depending  on  erosion  factors  such  as  storm  incidents  and  lake  levels. 

These  rates  have  not  been  affected  by  the  federal  navigation  structures. 

The  movement  of  material  onshore  or  offshore  also  can  not  be  ascertained 
with  any  degree  of  accuracy.  The  lack  of  sand  presently  existing  offshore 
at  depths  greater  than  5  to  6  feet  indicates  that  the  importance  of  onshore- 
offshore  movement  is  negligible  except  in  the  vicinity  of  the  river,  where 
river  discharges  may  have  diverted  littoral  material  offshore.  However,  sand 
thicknesses  up  to  an  inch  or  two  would  be  undetected  by  surveys,  and  yet  could 
represent  a  significant  volume  over  the  3,000  foot  length  of  Linwood  Beach. 

Flow  of  sand  around  the  ends  of  the  harbor  channel  piers  1b  also 
impossible  to  predict.  From  sediment  budget  considerations,  values 
on  the  order  of  1,000  to  4,000  cubic  yards  per  year  seem  reasonable. 

There  is  no  evidence  that  westerly  sand  transport  around  the  piers 
has  Increased  since  construction  of  the  breakwater.  However,  deposits 
of  sand  have  occurred  in  the  river  and  lake  approach  channels,  requiring 
dredging  on  three  occasions  (see  Figure  16).  These  deposits  are 
created  by  sand  transport  from  short-term  wave  events.  Specific  storms 
move  sand  into  these  areaB ,  and  the  breakwater  prevents  waves  from 
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returning  the  material  to  the  littoral  system.  High  river  flows  may 
have  also  scoured  sand  from  deposits  at  these  locations  and  transported 
it  out  the  east  lake  approach  channel,  resulting  in  loss  of  material 
to  deeper  water.  The  channel  deposits  In  the  lake  approach  channel  and 
river  channel  are  caused  by  the  offshore  breakwater. 

Environmental  Effects  of  Shoreline  Erosion 

The  following  discussion  focuses  on  the  potential  environmental 
impacts  of  shoreline  erosion.  Impacts  on  the  aquatic  biology,  water 
quality,  terrestrial  ecology,  and  socioeconomics  are  of  primary  con¬ 
cern. 

Sediment  resulting  from  shoreline  erosion  has  a  detrimental 
effect  on  aquatic  biology.  Siltation  and  turbidity  lessen  light  pene¬ 
tration  of  the  water  and  blanket  plants,  phytoplankton,  and  benthos 
with  a  layer  of  silt.  These  circumstances  result  in  a  lack  of  vegeta¬ 
tion  and  pollution  tolerant  benthos.  The  lack  of  vegetation  results  in 
increased  turbidity  and  a  reduction  in  fish  species  which  use  areas  of 
aquatic  vegetation  for  feeding,  spawning,  and  protection.  Studies 
performed  by  Ryclaman,  Edgerly,  Tomlinson  and  Associates  and  the 
Cleveland  Environmental  Research  Group  in  1975;  and  by  the  Ohio  EPA 
in  1972,  document  these  conditions  in  the  Vermilion  area.^^ 

As  the  bluff  is  eroded,  trees  are  undermined  and  fall  into  the 
lake.  Loss  of  this  habitat  is  expected  to  have  little  overall  effect 
on  terrestrial  wildlife  since  existing  habitat  quality  is  generally 
poor.  The  aesthetic  impact  from  the  loss  of  trees  probably  is  more 
significant  than  the  loss  of  habitat. 

Aesthetic  impacts  include  not  only  the  adverse  visual  impact  of 
the  absence  of  the  trees,  but  also  the  undesirable  brownish  color 
of  the  water  due  to  turbidity  when  severe  erosion  occurs.  Such  ad¬ 
verse  visual  impacts  can  degrade  the  recreational  experience  for 
swimmers,  boaters,  and  sightseers. 
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Another  consideration  of  shoreline  erosion  is  social  well-being. 
Property  owners  living  near  the  bluff  undoubtedly  have  a  concern  for 
the  future  of  their  land  and  structures.  The  psychological  impact  of 
these  concerns  cannot  be  measured.  In  addition  to  these  psychological 
concerns  is  the  question  of  property  values  for  those  parcels  adjacent 
to  the  eroding  bluff-  Physical  loss  of  property  from  erosion  and  the 
impending  threat  to  structures  could  depress  property  values. 

General  Alternatives  for  Mitigation 

In  the  event  that  a  decision  is  made  to  restore  the  Lagoons- 
L inwood  Beach  system  to  its  pre-1972  condition,  several  alternatives 
should  be  investigated.  They  basically  fall  into  three  categories. 

1.  Vlteration  of  the  breakwater. 

2.  Artificial  transport  of  sand. 

3.  Construction  of  shoreline  protection  structures  along  the 
Lagoons-Llnwood  shoreline. 

Artificial  transport  of  sand  could  be  employed  to  move  sand 
accreting  at  the  east  pier  back  to  the  Nakomls  area.  The  resulting 
shift  in  shoreline  alignment  would  restore  westerly  transport  and 
distribute  sand  along  Linwood  Beach.  A  "littoral  cycle"  would  be 
formed  in  which  hydraulic  pumping  or  trucking  of  sand  would  augment 
natural  processes.  The  details  regarding  maintenance  intervals 
and  quantities  moved  could  be  designed  based  on  sand  volumes  pre¬ 
sented  in  Section  II. 

Artificial  nourishment  of  Linwood  Beach  from  an  external  sand 
source  could  be  combined  with  bypassing  at  the  east  pier.  Sand  would 
be  added  to  the  littoral  system,  with  some  benefits  for  shoreline 
residents  easf  and  west  of  the  harbor.  The  major  benefit  would  be  a 
larger  beach  at  Linwood.  The  feasibility  of  such  a  scheme  depends  upon 
the  cost  of  outside  sand. 

A  variety  of  shoreline  protection  structures  designed  to  retain 
sand  could  be  considered  including: 
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1.  Groin  fields  >f  various  designs. 

2.  A  system  of  offshore  breakwaters. 

These  solutions  would  have  additional  environmental  and  hydraulic 
effects,  and  careful  evaluation  would  be  necessary. 

Conclusions 

The  preceding  analysis  has  shown  that  the  offshore  breakwater  has 
contributed  significantly  to  shoreline  re-orientation,  characterized  by 
accretion  near  the  piers  and  erosion  at  eastern  Linwood  Beach.  However, 
the  shoreline  is  approaching  a  new  equilibrium  and  no  further  significant 
shifts  are  anticipated.  It  has  not  been  possible  to  quantitatively 
determine  how  much  of  the  realignment  was  due  to  high  lake  levels  and 
a  higher  incidence  of  northeast  winds,  and  how  much  was  due  to  the 
offshore  breakwater. 

The  breakwater  has  created  sand  deposits  in  the  lake  approach 
channels  and  the  river  entrance  channel.  Mitigation  of  these  impacts 
has  been  practiced  in  the  form  of  maintenance  dredging  on  three 
occasions.  Dredging  or  some  other  form  of  mitigation  may  be  required 
in  the  future  for  removal  of  similar  deposits. 

The  tradeoff  between  navigation  protection  and  coastal  processes 
impacts  is  apparent.  Any  structure  that  reduces  wave  action  to  aid 
navigation  also  reduces  the  active  force  that  maintains  shoreline 
equilibrium.  Only  removal  of  the  breakwater  will  be  completely  effective 
in  returning  the  shoreline  to  the  pre-1972  long  term  equilibrium  position. 
Partial  modifications  may  also  be  investigated,  but  it  is  doubtful 
if  any  solution  which  retains  significant  protection  for  navigation 
would  do  much  for  restoration  of  the  shoreline. 

As  stated  above,  the  offshore  breakwater  has  provided  protection 
from  high  waves  at  the  harbor  mouth,  and  has  had  an  adverse  impact  on 
shoreline  re-orientation  and  erosion  at  the  east  end  of  Linwood  Beach. 
However,  the  apparent  relative  stabilization  of  the  shoreline  at  its  1976 
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alignment  leads  to  the  conclusion  that  no  additional  significant  erosion 
of  the  beach  is  likely.  It  is  emphasized  that  minor  short  term  fluctua¬ 
tions  in  orientation  continue  to  occur  as  a  result  of  storms,  and  beach 
width  varies  with  lake  level.  The  bluff  may  continue  to  erode  when  storms 
occur  during  high  lake  levels,  even  though  the  beach  remains  in  a  long¬ 
term  equilibrium  position.  Therefore,  assuming  that  the  beach  is  accept¬ 
able  as  it  p  sently  exists,  no  further  consideration  of  mitigation  for 
beach  erosion  is  required.  It  is  recommended,  however,  that  periodic 
monitoring  of  the  beach  be  continued  so  that  any  future  unanticipated 
re-orientation  of  the  shoreline  is  promptly  recorded. 

Impacts  Investigated  and  Conclusions  Reached  in  Companion  Study 

The  purpose  of  this  study  was  to  determine  whether  or  not  the  detached 
breakwater  at  Vermilion  Harbor,  Ohio,  is  causing  any  adverse  effects  for 
which  mitigation  measures  should  be  considered.  The  study  was  initiated 
in  April  1977  in  response  to  complaints  from  the  Linwood  Park  Cottage 
Owners  Association  and  other  citizens  concerned  about  specific  subjects. 

The  seven  specific  subjects  of  complaint  addressed  in  this  report 

•re: 

a.  Periodic  contamination  of  municipal  water  supply. 

b.  Diversion  of  Vermilion  River  water  into  and  pollution  of 
adjacent  recreational  swimming  areas. 

c.  Increased  (or  decreased)  ice  formation  in  the  calm  waters 
shoreward  of  the  breakwater  at  the  harbor  entrance  and 
increased  (or  decreased)  probability  of  ice  jam  flooding. 

d.  Increased  flood  potential  due  to  raising  the  river  water 
profile. 

e.  Rapid  sediment  accumulation  in  the  Vermilion  River  causing 
increased  dredging  costs  and  increased  sedimentation  in  the 
adjacent  private  lagoons. 

f.  Navigation  hazards  due  to  traffic  congestion  at  the  river 
mouth  and  at  blind  comers. 
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The  results  of  this  study  are  that  the  breakwater  is  having  an 
adverse  effect  on:  (1)  the  recreational  swimming  areas  to  the  east  by 
diverting  polluted  water  to  them;  and  (2)  on  the  ice  jam  flooding  by 
Increasing  Ice  jam  potential  at  the  harbor  entrance.  Additional  studies 
will  be  undertaken  to  quantify  the  severity  of  these  Impacts  and  recom¬ 
mendation  of  a  mitigation  plan.  If  warranted,  will  be  made. 

Results  regarding  sediment  accumulations  in  the  river  are  related 
to  the  shoreline  erosion  and  redistribution  of  sand  to  the  east  and  west 
of  the  harbor.  The  conclusions  have  been  presented  in  this  Section. 

It  was  concluded  that  the  breakwater  1b  not  having  a  significant 
effect  on  the  following  items: 

1.  Periodic  contamination  of  the  municipal  water  supply. 

2.  Increased  flood  potential  due  to  raising  the  river  water 
surface  profile. 

3.  Navigation  hazards  due  to  traffic  congestion  at  the  river 
mouth  and  at  blind  comers. 

A.  Aesthetics. 
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SYLLABUS 


Introduction 

The  Vermilion  Harbor  project  is  a  Federally  constructed  facility 
whose  purpose  is  to  provide  a  safe  harbor  for  recreational  and  com¬ 
mercial  fishing  craft.  The  existing  harbor  project  provides  a  safe, 
reliable  facility  and  satisfies  intense  recreational  boating  and  com¬ 
mercial  fishing  needs  in  the  area  as  expressed  by  the  more  than  900 
slips  at  the  marinas  and  yacht  clubs  and  the  utilization  of  the 
Vermilion  Harbor  by  more  than  6,000  boats  each  year.  The  latest 
Vermilion  harbor  improvements  were  completed  in  December  1973,  and 
consisted  of  channel  widening  and  deepening  and  construction  of  a 
detached  breakwater  approximately  300  feet  offshore.  Subsequent  to 
this  latest  construction,  there  have  been  repeated  complaints  that 
the  breakwater  is  causing  significant  shoreline  changes  and  serious 
environmental,  health,  flooding  and  recreation  problems  in  the 
adjoining  updrift  area.  By  letters  dated  31  July  1974  and 
13  December  1974,  William  B.  Nye,  former  director  of  Ohio  Department  of 
Natural  Resources,  officially  requested  that  the  Corps  investigate 
the  severity  of  the  erosion  problem  (shoreline  changes)  created  by 
the  detached  breakwater  under  the  authority  of  Section  111  of  Public 
Law  90-483. 

Study  Purposes 

The  purposes  of  this  Stage  II  Detailed  Project  Report  (feasibility 
study)  are:  to  quantify  the  shoreline  damage  at  Vermilion  due  to 
construction  of  navigation  works  at  Vermilion  Harbor;  to  develop 
alternative  plans  for  mitigating  the  damages  if  mitigation  is 
warranted;  and  to  determine  if  further  action  regarding  mitigation  of 
shoreline  damage  is  required.  The  results  from  the  associated  analy¬ 
ses,  and  decisions  reached,  are  presented  in  this  document. 

S tud i es  M a d e 

Three  stages  are  normally  required  in  the  Corps  study  process  under 
the  "Continuing  Authority”  authorization  that  encompasses  the  current 
studies  at  Vermilion.  The  objective  of  the  first  stage 
"Reconnaissance  Study"  is  to  determine  if  the  particular  water 
resources  problem  (in  this  instance,  shoreline  erosion)  is  serious 
enough  to  warrant  further  study.  The  Stage  I  preliminary  analysis  is 
based  on  available  information  and  data.  In  Stage  II,  additional 
data  are  collected,  detailed  studies  are  made  to  quantify  the 


problem,  a  full  range  of  alternatives  that  would  solve  the  problem  is 
investigated,  estimates  of  project  costs  and  benefits  for  each  alter¬ 
native  are  obtained,  an  environmental  assessment  of  each  alternative 
is  made,  and  a  decision  is  reached  regarding  the  engineering,  eco¬ 
nomic,  environmental,  and  social  feasibilities  of  constructing  the 
water  resources  project.  Assuming  that  a  project  is  recommended  in 
Stage  II,  the  detailed  design  of  the  "selected  plan"  is  conducted  in 
Stage  III. 

As  a  result  of  repeated  shoreline  erosion  complaints  and  the  request 
by  Director  Nye,  a  preliminary  study  of  the  alleged  erosion  problem 
was  initiated  in  1975.  Stage  I  of  the  Section  111  study  specifically 
addressed  the  effect  of  the  Vermilion  Harbor  navigation  works  on  the 
shoreline  processes.  In  the  Buffalo  District's  "Preliminary  Report 
on  Section  111  Study  of  Vermilion  Harbor,  OH,  dated  21  January  1976, 
it  was  recommended  that  no  action  be  taken  at  that  time  to  prevent  or 
mitigate  shore  damages  since  it  could  not  be  determined  whether  the 
recent  shoreline  change  was  caused  by  high  lake  levels  or  the 
detached  breakwater;  and  a  five-year  beach  monitoring  program  be 
accomplished  prior  to  initiation  of  further  detailed  studies. 
Subsequent  to  completion  of  the  Preliminary  Report,  further  eva¬ 
luation  led  to  the  conclusion  that  the  five-year  monitoring  program 
would  only  identify  short-term  shoreline  changes  and  because  of  very 
little  baseline  (pre-breakwater  construction)  data,  any  conclusions 
drawn  from  the  monitoring  program  would  not  be  highly  reliable.  For 
these  reasons,  the  monitoring  program  was  terminated  and  Buffalo 
District  recommended  that  the  Section  111  Detailed  Project  Report  and 
the  Special  Impact  Report  Studies  be  initiated.  In  early  1977,  it 
was  decided  to  initiate  Stage  II  studies  of  the  shoreline  erosion 
problem  (Section  111  Study)  and  the  environmental,  health,  flooding, 
and  recreational  problems  (Special  Impact  Study).  This  Syllabus  and 
report  pertains  to  the  Stage  II  investigations  of  the  Section  111 
Study.  The  partially  completed  investigations  concerning  the 
environmental,  health,  flooding  and  recreational  problems  are  pre¬ 
sented  in  a  separate,  companion  report  titled  Vermilion  Harbor,  OH, 

Study  o  ft  he  Off  shore  B  reakwater  on:  M  unicipal  W  at_e  r  Supply;  Swimming 

Areas_  and  Beaches ;  Ice  Jam  Flooding;  Free-Flow  Flooding;  Sedimentation 
Navigation;  and  Aesthetics;  dated  April  1978. 

Purpo ses  o_f  S_ec t  ion  1 11  Study  and  Companion  Breakwa ter  Impact  Study 

The  Ohio  Department  of  Natural  Resources  and  citizens  expressed  con¬ 
cern  that  the  detached  breakwater  has  caused  increased  shoreline  ero¬ 
sion  and  redistribution  of  beach  sand  to  the  east  and  west  of  the 
harbor.  The  specific  objective  of  this  Section  111  Study  is  to 
determine  the  extent  of  shore  damage  due  to  the  navigation  works  at 
Vermilion  Harbor,  and  if  any,  to  recommend  whether  consideration  of 
mitigation  measures  is  warranted. 
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Based  on  the  concerns  expressed  by  the  public  and  a  cursory  evalua¬ 
tion  of  these  concerns  by  Buffalo  District,  it  was  concluded  that 
an  Impact  Study  should  be  made.  The  purpose  of  the  companion 
Breakwater  Impact  Study  was  to  determine  whether  or  not  the  detached 
breakwater  at  Vermilion  Harbor,  OH,  is  adverse  to  the:  municipal 
water  supply;  swimming  areas  and  beaches;  ice  jam  flooding;  free-flow 
flooding;  sedimentation  in  the  harbor  area;  navigation;  and 
aesthetics  -  and  after  considering  the  degree  of  adversity,  to  decide 
whether  consideration  of  mitigation  measures  is  warranted.  The 
Buffalo  District  Engineer's  decision  on  this  matter  is  presented  in 
the  Syllabus  to  the  companion  report,  and  summarized  below. 

It  should  be  noted  that  the  original  objective  of  this  phase  of  these 
two  companion  studies  was  to  determine  if  the  impacts  are  suf¬ 
ficiently  adverse  to  warrant  consideration  of  mitigation.  The  type 
and  extent  of  mitigative  measures  were  to  be  determined  in  future 
studies,  as  appropriate.  Since  the  evaluation  of  alternative  designs 
was  not  part  of  this  phase,  the  alternative  designs  for  mitigation 
would  subsequently  be  required  to  complete  the  Stage  II  activities. 
However,  as  presented  later  in  this  Syllabus,  Buffalo  District  did 
evaluate  several  types  of  mitigative  measures,  thus  completing  Stage 

II  of  this  Section  111  Study. 

Conducting  the  Section  111  and  Brea'.-^dter  Impact  Studies  by  A/E  Contract 

In  an  effort  to  maintain  maximum  objectivity  in  the  analyses  of  the 
effect  of  the  breakwater,  it  was  decided  to  hire  a  private  consulting 
firm  to  conduct  the  investigation.  Stanley  Consultants  of  Cleveland, 

OH,  was  selected  to  conduct  the  companion  studies.  Principal  find¬ 
ings  of  the  Stanley  Consultants'  Section  111  Study  on  the  impact  of 
the  Federal  navigation  structures  on  the  shoreline  processes  (erosion 
and  shoreline  reorientation)  are  presented  herein.  The  results  of 
the  Stanley  investigation  into  the  remaining  seven  impacts  are  pre¬ 
sented  in  the  companion  April  1978  report. 

Cone  1  us i on s  and  Recommendations  in  the  Stanley  Consultants  Section 

I I I  Sjt  udy 


The  conclusions  reached  by  Stanley  Consultants  regarding  the  impact 
of  the  navigation  structures  on  shoreline  processes  are  presented  in 
Section  V  (pages  41-46)  of  this  document.  To  summarize,  Stanley 
Consultants  concluded  that: 

1.  The  Federally  constructed  improvements  at  Vermilion  Harbor 
have  significantly  affected  shoreline  conditions  in  the  Vermilion 
Harbor  area,  beginning  with  the  construction  of  the  parallel  piers  in 
1836.  Significant  erosion  of  the  shoreline  westward  of  the  west  pier 
occurred  within  10  years,  and  an  accretion  of  300  feet  occurred  to 
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the  east  of  the  piers  during  the  same  period.  The  shoreline  then 
stabilized  at  an  equilibrium  alignment  which  was  maintained  with 
little  significant  change  until  1972. 


2.  The  offshore  breakwater  constructed  in  1973  has  contributed 
significantly  to  shoreline  reorientation  at  Vermilion.  The  reorien¬ 
tation  is  characterized  by  accretion  near  the  piers  and  erosion  at 
Linwood  Beach  as  shown  on  Figure  15  of  the  report. 

3.  The  shoreline  is  approaching  equilibrium  and  no  further  sig¬ 
nificant  shifts  due  to  the  breakwater  are  anticipated. 

4.  The  detached  breakwater  has  created  sand  deposits  in  the  lake 
approach  channels  and  the  river  entrance  channels. 

5.  Only  removal  of  the  breakwater  will  be  completely  effective 
in  returning  the  shoreline  to  the  pre-1972  long-term  equilibrium 
state.  It  is  doubtful  that  any  solution  which  retains  significant 
protection  for  navigation  would  do  much  for  restoration  of  the  shore¬ 
line  to  its  pre-breakwater  orientation. 

Stanley  Consultants  recommended  that: 

1.  Although  initial  erosion  (to  the  west  of  the  west  pier)  from 
1837  to  1847  was  substantial,  no  serious  consideration  of  mitigation 
of  these  effects  is  warranted  at  this  point  over  130  years  later. 

2.  Assuming  the  beach  is  acceptable  in  its  present  state  of 
equilibrium,  no  furthur  consideration  of  mitigation  for  beach  erosion 
is  required. 

3.  Periodic  monitoring  (hydrographic  surveys)  of  the  beach  be 
continued  so  that  future  unc  . -ipated  reorientation  of  the  shoreline 
is  promptly  recorded. 

Conclusions  and  Recommendations  in  the  Stanley  Consultants  Companion 
"Breakwater  Impact  Study”  (April  1978) 

The  conclusions  reached  by  Stanley  Consultants  are  summarized  in 
Chapter  10  of  this  companion  document.  The  results  of  the  study  are 
that  the  breakwater  is  having  an  adverse  impact  on: 

1.  The  recreational  swimming  areas  to  the  east  by  diverting 
Vermilion  River  water  to  them;  and, 

2.  The  ice  jam  flooding  by  increasing  the  ice  jam  potential 
at  the  harbor  entrance. 
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The  study  recommends  that  mitigation  of  these  effects  should  be  con¬ 
sidered  by  the  Corps. 

Stanley  Consultants  also  concluded  that  mitigation  should  not  be  con¬ 
sidered  for: 

1.  Contamination  of  the  Vermilion  water  supply 

2.  Increased  flood  potential 

3.  Navigation  hazards 

4.  Aesthetics 

Results  regarding  sediment  accumulation  in  the  harbor  were  incomplete 
in  the  companion  study.  This  is  because  the  accumulation  of  river 
sediments  in  the  lake  approach  and  river  entrance  channels  is  closely 
tied  to  the  shoreline  erosion  and  redistribution  of  sand  east  and 
west  of  the  harbor,  which  is  reported  on  in  Stanley  Consultants 
Section  111  study.  The  conclusion,  presented  in  Section  V  of  the 
study  is  that  the  breakwater  had  created  sand  deposits  in  the  lake 
approach  and  river  entrance  channels.  This  sediment  accumulation  was 
caused  by  wave  action  transporting  eroded  sand  along  the  shoreline 
and  then  the  breakwater  causing  the  sand  to  accrete  in  its  lee 
because  of  a  reduction  in  wave  energy.  However,  upon  review  of  the 
sediment  data  taken  in  July  1978,  the  Buffalo  District  Engineer  has 
concluded  that  the  sediment  accumulation  in  the  lake  approach  and 
river  entrance  channels  is  comprised  mainly  of  silts  and  clays.  This 
sediment  accumulation  would  be  due  to  the  deposition  of  river  sedi¬ 
ment  as  it  enters  the  lake  approach  channels.  Dredging  has  been  per¬ 
formed  on  three  occasions  since  completion  of  the  detached  breakwater 
in  1973.  In  June  1974,  approximately  5,900  cubic  yards  were  dredged 
from  the  east  side  of  the  river  entrance  channel  and  placed  on  the 
west  side  of  the  west  pier.  In  February  1975,  approximately  3,000 
cubic  yards  were  removed  from  the  east  side  of  the  channel  and  again 
placed  west  of  the  west  pier.  In  December  1975,  about  2,350  c.y. 
were  dredged  from  the  east  side  of  the  entrance  channel  and  trucked 
to  Nakomis  Beach.  An  additional  8,500  c.y.  of  silt  was  dredged  from 
the  east  lake  approach  channel  and  open-lake  dumped.  The  material 
dredged  in  June  1974,  February  1975  and  the  2,350  c.y.  in  December 
:975  consisted  of  sand  that  accumulated  at  the  west  side  of  the  east 
pier.  This  accumulation  was  caused  by  sand  overtopping  the  east  pier 
during  high  lake  levels  and  heavy  northeast  storms  during  that 
period.  Buffalo  District  dredged  approximately  3,000  c.y.  of 
material  from  the  landward  side  of  the  detached  breakwater  in  late 
October  1978.  Thus  sediment  accumulation  is  removed  by  the  Corps 
maintenance  dredging  program.  Further,  the  Section  111  Study  indi¬ 
cates  that  the  shoreline  at  Vermilion  has  reoriented  itself  to  a  new 
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state  of  equilibrium,  and  as  expressed  by  the  absence  of  the  need  for 
dredging  from  late  1975  to  late  1978,  it  is  concluded  that  frequent 
dredging,  particularly  at  the  river  entrance,  will  not  be  required. 

Buffalo  District's  Findings  on  Stanley  Consultants’  Studies 

This  report  and  the  companion  "Breakwater  Impact  Study"  report  (April 
1978)  by  Stanley  Consultants  have  been  reviewed  by  the  Buffalo 
District  Engineer,  the  staff  at  North  Central  Division,  and  the 
Coastal  Engineering  Research  Center.  The  methodologies  used  by  the 
Contractor  are  consistent  with  good  engineering  practice  and  with  the 
content  requirements  established  in  the  scope  of  work.  Further, 
except  as  qualified  below,  the  conclusions  reached  by  Stanley 
Consultants  are  considered  reasonable  and  equitable  to  all  concerned 
parties,  including  the  Federal  Government. 

1.  Pre-Breakwater  Condition.  Stanley  Consultants  concludes  that 
although  initial  erosion  to  the  west  of  the  west  pier  was  substantial 
in  the  10-year  period  after  construction  of  the  piers  in  1837,  no 
serious  consideration  of  mitigation  of  these  effects  is  warranted  at 
this  point  over  130  years  later  (see  page  41).  Since  the  objective 
of  Section  111  is  to  study,  investigate,  and  construct  projects  for 
the  prevention  of  shoreline  damage  attributable  to  Federal  navigation 
structures,  it  is  the  Corps  position  that  the  erosion  experienced 
downdrift  (to  the  west)  of  the  Federal  structures  should  be 
addressed.  Although  total  mitigation  of  these  impacts  by  the  piers 
(which  occurred  over  130  years  ago)  would  not  be  justified  so  long 
after  the  fact,  mitigation  of  the  downdrift  erosion  should  be  con¬ 
sidered.  Therefore,  the  final  Detailed  Project  Report  (Stage  III) 
will  place  additional  emphasis  on  downdrift  erosion.  This  aspect  of 
the  Detailed  Project  Report  is  discussed  further  in  the  Conclusions 
and  Recommendation  sections  of  this  Syllabus. 

2.  Post-Breakwater  Condition.  Regarding  the  post-breakwater 
equilibrium  range  shown  on  Figure  15  of  the  Section  111  Study,  it  is 
the  Buffalo  District  position  that  the  lakeward  limit  of  the  post¬ 
construction  equilibrium  range  will  be  further  lakeward  than  shown 
during  low-water  periods,  thus  increasing  the  width  of  the  post¬ 
breakwater  equilibrium  band.  In  effect,  Buffalo  Distict  contends 
that  lake  levels  can  affect  the  beach  configuration.  Buffalo 
District,  CERC,  and  Stanley  Consultants  agree  that  the  effect  of  lake 
levels  is  not  mathematically  quantifiable.  Therefore,  as  recommended 
by  Stanley  on  page  46  of  this  report,  periodic  monitoring  (surveys) 
of  the  beach  should  be  continued  and  adjustments  made  to  the 
equilibrium  range  shown  on  Figure  15,  as  appropriate. 


Concurrent  Section  1A  Shoreline  Erosion  Study  by  Buffalo  District 


Buffalo  District  recently  finalized  a  Section  1A  Report  for  Elberta 
Beach  and  Linwood  Park,  Vermilion,  OH.  That  report  was  prepared 
under  authority  of  Section  1A  of  the  19A6  Flood  Control  Act,  as 
amended.  That  legislation  provides  the  Corps  with  authority  to 
construct  emergency  shoreline  protection  of  public  works  such  as  the 
endangered  sewer  pumping  station  at  Elberta  Beach  and  the  sanitary 
interceptor  line  at  Linwood  Park.  The  Section  1A  Reconnaissance 
Report  (dated  3  September  1977,  revised  5  June  1978  and  29  December 
1978)  shows  that  recession  of  the  bluff  at  Linwood  Park  has 
endangered  approximately  A00  feet  of  the  sewer  line.  The  computed 
average  annual  benefits  -  consisting  of  emergency  and  relocation 
costs  avoided  -  are  estimated  to  be  $1A,600. 

The  recommended  plan  for  protecting  the  sewer  line  at  Linwood  Bluff 
is  a  stone  revetment  with  an  estimated  average  annual  cost  of 
$11,A88.  The  benefit-to-cost  ratio  is  1.3. 

The  city  of  Vermilion  has  provided  a  letter  of  intent  to  provide 
local  assurances  at  Elberta  Beach.  However,  since  there  was  con¬ 
siderable  local  opposition  to  the  stone  revetment  plan  from  residents 
at  Linwood  Park,  the  city  of  Vermilion  did  not  provide  a  letter  of 
intent  to  provide  local  assurances  for  Linwood  Park.  The  city  offi¬ 
cials  requested  that  the  two  projects  be  separated  so  that  construc¬ 
tion  could  proceed  on  the  Elberta  Beach  project  and  action  on  the 
Linwood  Park  project  could  be  deferred.  Accordingly,  the  Buffalo 
District  forwarded  the  Section  1A  Study  to  Corps  higher  headquarters 
for  approval,  recommend ing  the  allocation  of  funds  to  proceed  with 
Elberta  Beach  and  to  delay  decision  on  Linwood  Beach  until  the 
Section  111  Study  is  completed.  Therefore,  discussion  of  alter¬ 
natives  for  mitigation  of  shoreline  damages  under  Section  111 
Authority  will  address  the  problem  of  the  Linwood  Bluff  sewer  line, 
as  appropriate. 

Estimated  Changes  in  the  Shoreline  at  Vermilion 

It  is  concluded  by  the  Buffalo  District  Engineer  that  the  change  in 
long-term  shoreline  equilibrium  presented  on  Figure  15  is  reasonable, 
although  it  is  considered  an  approximation  (subject  to  change  as 
stated  above)  that  is  expected  to  be  affected  by  extended  periods  of 
extreme  lake  levels.  Based  on  the  observed  reorientation,  it  is  seen 
that  significant  accretion  results  in  the  area  to  the  west  of  the 
West  Pier  (Station  2+00  W  to  10+00  W)  and  from  Station  0+00  to 
Station  13+00  E  in  the  Lagoons  Beach  area,  while  erosion  results  from 
Station  13+00  E  to  about  Station  32+00  E  at  Linwood  Beach.  Estimated 
average  volumetric  and  areal  changes  due  to  the  long-term  reorien¬ 
tation  are  shown  in  Table  A. 
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Table  A  -  Estimated  Changes 
Due  to  Breakwater 


in  the  Vermilion  Beaches 


Approximate  Change  in 

Approximate  Change  in 

Volume  of  Beach 

Exposed  Beach  Area 

Material  Due  to 

Location 

Due  to  Reorientation(l ) 

Reorientation 

(Square  Feet) 

(Cubic  Yards) 

Area  1 

Vermilion  City 

Beach  Area 

30 , 000  s . f .  gain 

15,000  c.y.  gain 

(2+00  W  to  10+00  W) 

(Includes  approximately 
32,000  s.f.  of  private 

beach  between  Sta.  2+00 
W  and  5+00  W) 

Area  2 

Lagoon's  Beach  Area 
(0+00  to  13+00  E) 

150,000  s .f .  gain 

80,000  c.y.  gain 

Area  3 

Linwood  Beach  Area 
(13+00  E  to  28+00  E) 

80 ,000  s.f.  loss 

25,000  c.y.  loss 

Totals 

120 , 000  s.f.  gain 

70,000  c.y.  gain 

(1)  At  long-term  mean  water  surface  level  of  Lake  Erie. 


It  must  be  understood  that  the  values  presented  above  are  approxima¬ 
tions,  predicated  on  such  factors  as  engineering  judgment  regarding 
the  slope  of  the  in-shore  beach  profile,  assumed  average  lake  levels, 
etc. 

Estimated  Tangible  Monetary  Changes  at  Vermilion  Beaches  Due  to  the 
Breakwater 


From  the  previous  tabulation,  it  is  seen  that  there  is  an  estimated 
net  gain  in  both  the  beach  area  (120,000  square  feet)  and  volume  of 
beach  materials  (70,000  cubic  yards)  for  the  post-breakwater 
equilibrium  state.  In  the  Corps  economic  evaluation  for  a  beach  ero¬ 
sion  project,  the  categories  of  tangible  damages/benefits  are  physi¬ 
cal  damage  prevented  and  increased  recreational  (swimming, 
sunbathing)  usage.  For  this  Section  111  Study  at  Vermilion  the 
damage/benefit  categories  to  be  considered  are  physical  damage  due  to 
bluff  recession  and  recreation  usage  resulting  from  gain/loss  of  the 
recreational  beach. 
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a.  Physical  Damage  Due  to  Bluff  Recession  -  Buffalo  District  is 
currently  finalizing  a  Section  14  Reconnaissance  Report  for  Elberta 
Beach  and  Linwood  Park,  Vermilion,  OH.  The  Section  14  Reconnaissance 
Report  (dated  30  Sep  '77  and  revised  5  June  ’78)  shows  that  recession 
of  the  bluff  at  Linwood  Park  has  endangered  approximately  400  feet  of 
the  sewer  line.  The  resulting  average  annual  benefits  -  consisting 
of  emergency  and  relocation  costs  avoided  -  are  estimated  to  be 
$14,600. 

If  it  is  concluded  that  the  recession  of  the  bluff  at  Linwood  Park  is 
accelerated  as  a  result  of  the  detached  breakwater  construction, 
mitigation  of  the  sewer  line  damage  could  be  performed  under  the 
Section  111  shoreline  erosion  authority  as  an  alternative  to 
construction  under  Section  14  authority,  if  economically  justified. 

In  addition  to  beach  recession  due  to  high  lake  levels,  the  beach 
reorientation  caused  by  the  detached  breakwater  has  produced  an  esti¬ 
mated  loss  of  beach  width  averaging  about  65  to  70  feet  at  Linwood 
Beach.  This  loss  in  beach  width  at  Linwood  does  result  in  more  fre¬ 
quent  wave  attack  on  the  Linwood  Bluff  because  the  narrower  beach 
does  not  provide  as  much  length  for  dissipation  of  wave  energy  on  the 
beach  as  in  the  pre-breakwater  state.  However,  Linwood  Bluff  was 
subject  to  wave  attack  -  particularly  during  periods  of  high  lake 
levels  and  severe  storms  -  for  the  pre-breakwater  condition. 
Therefore,  all  of  the  damage  to  Linwood  Bluff  is  not  chargeable  to 
the  detached  breakwater.  In  lieu  of  using  a  highly  subjective  sta¬ 
tistical  analysis  considering  coincident  occurrences  of  storms  and 
lake  levels  to  determine  the  amount  of  bluff  recession  attributable 
to  the  breakwater,  it  is  concluded  that  the  prudent  decision  would  be 
to  assign  an  arbitary,  but  reasonable,  percentage  of  the  damage  to 
the  breakwater. 


For  the  Section  111  Study,  it  is  assumed  that  50  percent  ($7,300 
annually)  of  the  physical  damage  to  the  Interceptor  Sewer  at  Linwood 
Bluff  is  chargeable  to  the  detached  breakwater.  Some  damage  (loss  of 
land)  would  also  occur  along  the  remainder  of  Linwood  Bluff.  Again, 
an  arbitrary  value  of  $2,700  annually  is  assigned  to  the  remainder  of 
Linwood  Bluff,  bringing  the  total  average  annual  damage  chargeable  to 
the  detached  breakwater  to  $10,000.  This  value  will  be  used  in  the 
economic  evaluation  presented  later  in  the  Syllabus.  If  total  bluff 
protection  is  provided  in  the  following  alternatives,  the  full 
$14,600  in  benefits  are  included. 

b.  Recreational  Damage/Benefits  Chargeable  to  the  Detached 
Breakwater  -  For  purposes  of  the  Section  111  Study,  recreational 
damages/benefits  are  measured  by  the  estimated  change  in  beach  area 
due  to  the  breakwater  construction. 
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The  Increase  or  decrease  in  beach  capacity  was  estimated  based  on  75 
square  feet  of  beach  per  person.  The  75  square  feet  per  bather  at 
time  of  peak  use  is  considered  to  be  the  minimum  needed  to  obtain 
optimum  benefit  from  a  beach  visit.  Beach  area  is  measured  above  the 
mean  seasonal  highwater  on  the  Great  Lakes.  Since  under  peak  con¬ 
ditions,  a  utilization  rate  of  80  percent  of  capacity  at  Vermilion 
was  used  for  benefit  evaluation,  the  expected  square  feet  per  person 
is  actually  95  square  feet  per  person  as  calculated.  The  75  square 
feet  criteria  was  obtained  from  EP  1165-2-1  dated  10  January  1975, 
paragraph  16-4. c(2),  page  A  136.  For  example,  the  increase  in  beach 
capacity  for  Area  1  (see  Vermilion  City  Beach  Area  in  Table  A)  would 
be : 

Increase  in  Beach  Capacity  =  Change  in  Beach  Area  -  75  square  feet 

per  space 

=  +50,000  s.f.  -  75  s.f.  per  space 

=  666  additional  spaces  for  Area  1 

Column  3  of  Table  B,  below,  shows  the  estimated  long-term  change  in 
beach  capacity  for  the  three  beach  areas  at  Vermilion.  To  relate  the 
change  in  beach  area  to  the  annual  recreational  benefit,  an  estimate 
of  the  total  annual  number  of  beach  user  days  and  the  value  of  a  user 
visit  is  required. 

Weekend  days  and  holidays  are  called  "peak  days.”  The  number  of 
weekend  days  and  holidays  between  Memorial  Day  weekend  and  Labor  Day 
is  33.  For  computation  purposes,  it  is  assumed  that  seven  (22 
percent)  of  these  days  are  lost  to  bad  weather,  leaving  26  good 
weather  "peak  days.”  There  are  about  100  days  in  the  summer  season, 
and  about  67  of  these  (100  days  total  -  33  "peak  days")  are  "nonpeak" 
days.  Again,  assuming  that  22  percent  of  the  "nonpeak  days"  per  year 
are  lost  to  bad  weather,  there  are  52  good  weather  "nonpeak"  days  per 
year.  Thus,  26  "peak  days"  and  52  "nonpeak"  days  will  be  used  for 
the  benefit  analysis. 

Typically,  an  individual  user  does  not  spend  the  entire  day  at  the 
beach,  and  is  replaced  by  another  user.  Therefore,  a  turnover  factor 
of  2.0  was  used  to  represent  attendance  figures  for  "peak  days." 

Also,  a  recreational  facility  normally  is  not  utilized  to  full 
capacity  on  a  given  day.  Based  on  information  provided  by  city  offi¬ 
cials,  it  is  estimated  that  there  is  an  80  percent  utilization  rate  at 
Vermilion  City  Beach  (Area  1)  for  "peak  days."  Buffalo  District  was 
unsuccessful  in  obtaining  attendance  estimates  for  Lagoons  Beach  and 
Linwood  Beach  from  local  officials.  Therefore,  an  80  percent  utili¬ 
zation  "peak  day”  rate  was  assumed  for  all  three  areas.  Utilization 
rates  for  "nonpeak  days"  was  assumed  to  be  one-third  of  the  "peak 
day"  attendance.  Based  on  all  these  factors,  the  estimated  potential 
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increase  or  decrease  in  annual  attendance  due  to  the  detached  break¬ 
water  would  be  46,000  increase,  139,000  increase  and  74,000  decrease 
at  Vermilion  City  Beach,  Lagoons  Beach,  and  Linwood  beach,  respec¬ 
tively,  as  shown  in  Column  9  of  Table  B. 

From  the  tabulation  of  Table  B,  it  is  seen  that  there  is  an  overall 
increase  in  estimated  annual  recreational  potential  at  Vermilion  due 
to  beach  reorientation  caused  by  the  detached  breakwater.  However, 
there  is  a  significant  decrease  in  annual  recreational  potential  at 
Linwood  Beach  -  which  from  the  fragmentary  information  available  -  is 
intensively  used  at  present  by  both  residents  of  Linwood  Park  and 
visitors  who  pay  a  daily  fee  to  use  the  park  facilities.  Currently, 
user  fees  for  the  Linwood  Beach  are: 

$  1 . 25/car/day ,  plus; 

$1.25/person/day  over  age  12 
$0. 50/person/day  between  ages  8  and  12 
free  for  children  under  8  years  of  age 

There  is  no  daily  fee  at  the  City  Beach. 

In  accordance  with  Corps  of  Engineer's  publication  EP  1165-2-1, 
"Digest  of  Water  Resources  Policies,"  dated  January  1975,  Buffalo 
District  used  the  following  values  in  determining  the  recreational 
benefit  (page  A-136,  para.  16— 4c( 1 ))  although  the  above  charges  may 
have  been  appropriate  if  information  on  visitations  could  have  been 
obtained  from  Linwood  Park  Company: 


Category 


Daily  User  Fee 


a.  Fully  developed  $  1 . 20/visitor 

publ ic  beach 

b.  Partially  developed  $0. 80/visi tor 

public  beach 

c.  Privately  owned  beach  $0. 40/visitor 

open  to  the  public 


Vermilion  Beaches  in 
Given  Category  __ 


None 


City  Beach  at  Area  1 


Linwood  Beach  (Area  3) 


d.  Privately  owned  beach  $0. 00/visitor 
not  open  to  the  public 


Private  beach  at  Area  1 
and  Lagoons  Beach  at 
Area  2 


Based  on  these  standard  fee  values  recommended  in  EP  1165-2-1,  and 
the  total  annual  user  days  listed  in  Column  9  of  Table  B,  the 
resulting  annual  monetary  recreational  gain  or  loss  due  to  the 
detached  breakwater  would  be:  $13,600  annual  gain  for  Area  1; 

$0.00  annual  gain  for  Area  2;  and  $29,600  annual  loss  for  Area  3 
for  a  total  net  loss  of  $16,000  annually  as  shown  on  Table  C,  below. 
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Table  C  -  Estimated  Monetary  Recreational  Changes  at 

Vermilion  Beaches  Due  to  the  Detached  Breakwater 


Beach  Area 

Total  Annual 
User  Days  Gain 
or  Loss 

Value  of  a 
User  Day 

Annual 

Monetary  Gain 
or  Loss 

Area  1  -  Vermilion 
City 

+17,000  User 
Day  Gain 

$ 

. 80/User  Day 

$ 

13,600  Annual 
Gain 

Private  beach  east 
of  City  Beach 

+29,000  User 
Day  Gain 

0.00/User  Day 

0 

Area  2  -  Lagoons 
Beach 

+139,000  User 
Day  Gain 

0.00/User  Day 

0 

Area  3  -  Linwood 
Beach 

-74,000  User 
Day  Loss 

0.40/User  Day 

29,600  Annual 
Loss 

Net  Recreational  Loss  Due 

to  the  Detached  Breakwater  =  $16,000  loss 


c .  Estimated  Total  Monetary  Changes  Due  to  the  Breakwater  -  The 
total  average  annual  damages/benefits  consisting  of  physical  damage 
due  to  bluff  recession  and  potential  recreational  usage  are  sum¬ 
marized  in  Table  D,  below. 

Table  D  -  Estimated  Total  Monetary  Changes  at  Vermilion 
Due  to  the  Detached  Breakwater 


Annual  Monetary  Gain  or  Loss 


Beach  Area 

Physical  Damage 
Due  to  Bluff 
Recession 

Monetary  Gain  or 
Loss  for 

Recreational  Beach 

Total 

Monetary 

Change 

Area  1  -  Vermilion 
Beach 

0 

$13,600  Gain 

$13,600  Gain 

Area  2  -  Lagoons 
Beach 

0 

0 

0 

Area  3  -  Linwood 
Beach 

$10,000  Loss 

$29,600  Loss 

$39,600  Loss 

Totals 

$10,000  Loss 

$16,000  Loss 

$26,000  Loss 
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Demand  Analysis  for  Recr eationa 1  Swimming  Facilities  in  Verm 11 ion 
Area 


The  State  of  Ohio  uses  15  Planning  Regions  for  any  planning  analyses 
within  the  State.  Vermilion  Harbor  is  located  in  Erie  County,  which 
is  one  of  the  five  counties  in  Planning  Region  4b.  The  other  coun¬ 
ties  are  Sandusky,  Ottawa,  Lucas,  and  Wood. 

The  Ohio  Department  of  Natural  Resources  (ODNR)  analyzed  35 
demographic  variables  for  each  region  in  order  to  derive  the  house¬ 
hold  participation  rates  for  various  recreational  activities.  The 
participation  rates  show  the  average  number  of  times  members  of 
households  engage  in  an  outdoor  recreation  activity  during  peak 
periods  for  the  year.  When  the  participation  rates  are  multiplied  by 
the  number  of  households,  the  number  of  swimming  activity  occasions 
demanded  is  generated.  Planning  Region  4b  exhibits  an  increasing 
demand  during  the  years  under  study  -  1975,  1980,  and  1990  -  as  shown 
below: 

Swimming  Activity  Occasions  Demanded 

1975  1980  1990 

Annual  Demand  1,354,929  1,487,457  1,745,731 

Based  on  this  projected  annual  demand  and  considering  the  presently 
available  beach  area  in  the  region,  the  1975  Ohio  Statewide 
Comprehensive  Outdoor  Recreation  Plan  stated  that  the  following  needs 
exist  in  Planning  Region  4b.  This  represents  additional  beach  area 
needed  to  satisfy  demand. 

1975  1980  1990 

Total  Area  Required 

(sq.  ft.)  753,000  889,000  1,151,000 

Additional  Beach 
Capacity  Required 

(spaces)  10,000  11,800  15,300 

Based  on  the  tabulation  above,  the  demand  for  additional  recreational 
swimming  area  in  the  planning  region  encompassing  Vermilion,  OH 
exceeds  10,000  spaces.  The  number  of  additional  spaces  to  be  pro¬ 
vided  at  Linwod  Beach  under  Section  111  is  approximately  1,100  (see 
Table  B) .  The  addition  at  Linwood  Beach  would  satisfy  about  11  per¬ 
cent  of  the  total  present  demand.  Thus,  it  is  concluded  that  the 
additional  beach  area  at  Linwood  Beach  is  needed  and  would  be  uti¬ 
lized  if  constructed. 
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Considerations  Regarding  Miti gation  of  Shoreline  Damage 

The  detached  breakwater  has  created  a  reorientation  of  the  contiguous 
shoreline  at  Vermilion.  This  reorientation  has  caused  accretion  at 
Vermilion  City  Beach  and  Lagoons  Beach  and  loss  of  beach  at  Linwood 
Beach.  Overall,  the  net  effect  from  the  shoreline  changes  has  been 
negative  as  expressed  monetarily  by  the  $26,000  annual  loss  shown  in 
Table  D.  Considering  the  $439,000  annual  navigation  benefits  attri¬ 
butable  to  the  1973  Vermilion  Harbor  Project  (from  the  August  1971 
Vermilion  Harbor  General  Design  Memorandum  and  updated  to  January 
1979  price  levels),  it  is  concluded  that  it  would  be  inappropriate  to 
remove  the  detached  breakwater  solely  to  mitigate  shoreline  damages. 

However,  in  view  of  the  detrimental  effect  at  Linwood  Beach,  con¬ 
sideration  should  be  given  to  mitigating  the  Linwood  Beach  shore 
damage. 

On  page  44  of  Section  V,  Stanley  Consultants  identifies  three  methods 
of  mitigation  for  shoreline  damage  if  the  decision  is  to  perform 
mitigation.  The  Buffalo  District  position  on  each  of  these  three 
methods  is  discussed  below. 

a.  Alternative  1  -  Alteration  of  the  Breakwater  -  The  existing 
harbor  project  at  Vermilion  does  provide  a  safe,  reliable  facility 
for  recreational  and  commercial  fishing  craft.  The  harbor  does 
satisfy  intense  recreational  boating  and  commercial  fishing  needs  in 
the  area  as  expressed  by  the  more  than  900  slips  at  the  marinas  and 
yacht  clubs  and  the  utilization  of  Vermilion  Harbor  by  more  than 
6,000  boats  each  year.  The  resulting  industry  has  a  significant 
favorable  impact  on  the  city's  economy.  The  detached  breakwater  is 
an  integral  part  of  the  harbor  project,  and  essential  to  the  intended 
function  of  the  existing  project.  Because  the  breakwater  is  required 
for  safe  and  efficient  utilization  of  the  small  boat  harbor  so  impor¬ 
tant  to  local  economy,  removal  or  modification  of  the  detached  break¬ 
water  doe s  not  appear  to  be  a  _v iable  alternative  for  the  purpose  of 
mitigating  shoreline  damage.  However,  if  further  studies  determine 
that  the  breakwater  should  be  altered  to  mitigate  the  adverse  effects 
of  beach  pollution  and/or  ice  jam  flooding  as  discussed  in  the 
Syllabus  to  the  Companion  Study,  further  alterations  to  reduce  the 
erosion  at  Linwood  Beach  would  be  considered. 

b.  Alternatives  2  through  4  -  Artificial  Transport  of  Sand: 

b .  1  Alternative  2 Transport  from  Eas t  Fillet  at  Eas t  P ier  to 
Linwood  Beach,  Protect  Interceptor  Sewer  at  Linwood  -  On  page  44, 

Stanley  Consultants  suggests  sand  accreting  at  the  East  Pier  could  be 
transported  eastward  to  Linwood  Beach.  An  analysis  by  Buffalo 
District  indicates  that  the  least  costly,  environmentally  sound, 
means  of  accomplishing  this  work  would  be  to  use  a  small  dredge  or 
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jet  pump  and  hydraulically  pump  the  sand  to  the  eastern  end  of 
Linwood  Beach  by  pipeline.  However,  removal  of  sand  from  the  East 
Pier  would  upset  the  approaching  new  equilibrium  state  discussed  on 
page  45  of  Stanley's  study  and  could  allow  waves  to  overtop  the  East 
Pier  during  high  lake  levels  and  northeast  storms,  carrying  sand  into 
the  navigation  channel  between  the  piers  as  happened  in  1974-1976 
after  the  breakwater  was  constructed.  Also,  some  of  the  newly 
created  beach  at  Lagoons  Beach  would  be  lost,  and  this  could  be  unac¬ 
ceptable  to  the  affected  parties. 

It  is  estimated  that  it  would  cost  $2.50  to  $3.00  per  cubic  yard  for 
pumping  the  sand  from  the  East  Pier  to  Linwood  Beach.  Initial 
nourishment  would  consist  of  25,000  cubic  yards  to  restore  Linwood 
Beach.  To  prevent  wave  attack  at  the  toe  of  Linwood  Bluff  and  there¬ 
fore  protect  the  bluff  from  further  recession,  it  is  estimated  that 
the  beach  would  have  to  be  filled  to  about  +8.0  feet  above  Low  Water 
Datum  elevation  of  568.6.  Approximately  10,000  cubic  yards  of  addi¬ 
tional  sand  would  be  required  to  protect  the  interceptor  sewer.  A 
sand  pit  or  reservoir  approximately  200  feet  wide  east  to  west  and 
400  feet  long  north  to  south  dredged  to  a  depth  of  10  feet  below  Low 
Water  Datum  would  be  needed  at  Lagoons  Beach  to  supply  the  required 
amount  of  sand  to  nourish  Linwood  Beach.  Based  on  the  recent 
experience  at  Vermilion  and  an  estimate  of  the  effect  of  high  and  low 
lake  levels  and  storm  frequency,  it  is  estimated  that,  over  the  long 
term,  approximately  50  percent  of  the  beach  fill  material  at  Linwood 
Beach  would  be  lost  each  year.  Costs  for  initial  nourishment  are 
$105,000  and  the  annual  replenishment  cost  would  be  $52,500.  Based 
on  a  50-year  project  life  and  6-7/8  percent  interest  rate,  annual 
charges  would  be  approximately  $60,000.  Since  this  alternative  does 
provide  protection  for  the  interceptor  sewer  line  at  the  Linwood 
Bluff,  the  full  $14,600  in  benefits  are  added  to  the  intitial 
$29,600,  bringing  the  total  average  annual  benefits  to  $44,200. 
Therefore,  the  benefit/cost  ratio  for  Alternative  2  is  0.74. 

It  should  be  pointed  out  that  the  reliability  of  protecting  the 
interceptor  sewer  at  Linwood  Bluff  with  an  unstable  beach  such  as 
proposed  for  Alternative  2  is  suspect  since  several  violent  storms 
within  a  short  period  could  erode  the  protective  beach  and  subject 
the  bluff  to  direct  attack  by  wave  action.  Assuming  that  other  means 
of  protection  such  as  the  revetment  proposed  under  Section  14  would 
be  required,  the  annual  benefits  would  be  reduced  to  $29,600  and 
annual  costs  reduced  to  $42,700.  Therefore,  the  benefit/cost  ratio 
for  restoring  Linwood  Beach  only  is  0.69. 

Serious  adverse  effects,  other  than  the  probable  need  for  additional 
maintenance  dredging  at  Vermilion  Harbor,  are  not  readily  apparent. 
Based  on  these  benefit-to-cost  ratios  of  0.74  for  protection  of  both 
the  beach  and  the  interceptor  sewer  and  0.69  for  restoring  Linwood 
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Beach  only,  either  scheme  for  Alternative  2  are  considered  viable  and 
can  be  further  pursued  in  greater  detail. 


b.2.  Alternative  3  -  Transport  of  Harbor  Dredged  Material  to 
Linwood  Beach  -  Buffalo  District  also  considered  the  possibility  of 
placing  acceptable  beach-building  materials  dredged  from  Vermilion 
Harbor  on  Linwood  Beach.  For  example,  Buffalo  District  is  scheduled 
to  dredge  approximately  6,000  cubic  yards  of  material  from  the  vici¬ 
nity  of  the  detached  breakwater  in  the  fall  of  1978.  These  materials 
were  sampled  in  July  1978,  and  approximately  two-thirds  was  found  to 
be  predominantly  silts  and  clays.  Upon  review  of  the  sediment  data, 
the  material  does  appear  to  be  polluted.  However,  if  future  dredge 
material  is  unpolluted,  it  could  be  placed  on  Linwood  Beach.  For 
this  stage  of  the  study,  to  determine  the  feasibility  of  depositing 
future  unpolluted  dredge  material  on  Linwood  Beach,  we  will  assume 
that  the  fall  1978  dredge  material  is  unpolluted.  Our  preliminary 
computations  show  that  this  operation  would  cost  about  $7.50  to  $8.00 
per  cubic  yard  to  dredge  by  clam  shell  and  transport  by  balloon-tired 
truck  or  pan  along  the  beach  to  Linwood  Beach.  Conventional  dredging 
and  open-lake  disposal  would  cost  about  $1.25  per  cubic  yard.  Thus, 
the  increased  cost  for  beach  disposal  would  be  $6.25  to  $6.75  per 
cubic  yard.  The  additional  cost  to  place  the  entire  6,000  cubic 
yards  of  dredging  Buffalo  District  has  scheduled  for  the  fall  of  1978 
would  be  about  $40,000. 

Because  dredging  has  not  been  performed  at  Vermilion  Harbor  since 
late  1975,  it  is  assumed  that  maintenance  dredging  in  the  amount  of 
6,000  cubic  yards  would  be  required  every  three  years.  Based  on  a 
50-year  project  life  and  6-7/8  percent  interest  rate,  the  estimated 
annual  cost  would  be  about  $15,000  per  year.  This  method  of  partial 
mitigation  would  not  provide  any  protection  to  the  endangered  sewer 
line  at  Linwood  Bluff.  Further,  the  monetary  loss  in  recreational 
beach  would  not  be  fully  recovered  since  approximately  25,000  cubic 
yards  of  beach  material  would  be  required  to  restore  Linwood  Beach  to 
the  pre-breakwater  condition.  Therefore,  as  shown  below,  the  esti¬ 
mated  annual  monetary  gain  to  Linwood  Beach  for  disposal  of  dredged 
materials  on  Linwood  Beach  would  be  approximately  $7,100. 

Total  monetary  loss  for  recreational  beach  -  $29,600 

Recreational  loss 

recoverable  =  $29,600  (  6,000  c.y.  available)  =  $  7,104/yr. 

(25,000  c.y.  required  ) 

Discounting  the  above  on  a  three-year  basis,  taking  into  account  an 
approximate  1/3  loss  of  dredged  material  back  into  the  littoral 
system  per  year,  the  average  annual  benefits  would  be  approximately 
$2,700. 
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The  resulting  benefit/cost  ratio  for  disposal  of  suitable  dredged 
materials  at  Linwood  Beach  would  be  0.18.  (2,700  annual  benefit  - 

$15,000  annual  costs). 

This  alternative  would  provide  partial  mitigation  of  the  shoreline 
damage  at  Linwood  Beach  while  utilizing  a  valuable  natural  resource 
which  would  otherwise  be  lost  if  open-lake  dumped.  Access  across 
Lagoons  Beach  of  the  balloon-tired  equipment  would  be  required,  and 
public  safety  and  noise  pollution  problems  would  be  encountered 
during  the  operation.  In  addition  to  meeting  the  requirements  of  a 
Section  404  permit  action  for  placing  dredged  or  fill  materials  on 
the  beach,  the  U.S.  Environmental  Protection  Agency  would  have  to 
approve  the  dredged  material  for  acceptability  before  the  sediments 
could  be  placed.  A  Section  401  water  quality  report  would  also  be 
required  before  bottom  materials  to  be  dredged  could  be  placed  on 
Linwood  Beach.  Considering  the  low  benefit/cost  ratio,  Buffalo 
District  is  of  the  opinion  that  this  alternative  is  marginally  viable 
considering  that  partial  nourishment  would  retain  a  valuable  natural 
resource  in  the  littoral  regime. 

b.3.  Alternative  4  -  Nourishing  Linwood  Beach  With  Sand  From 
External  Source  -  Based  on  costs  for  the  Lakeview  Project,  Lorain, 
OH,  it  would  cost  approximately  $6.75  per  cubic  yard  to  truck  sand  to 
the  Linwood  Beach  area  from  the  nearest  sand-gravel  source  or  Lake 
Erie.  Assuming  that  it  is  desirable  to  return  Linwood  Beach  to  its 
pre-breakwater  condition,  the  initial  nourishment  would  require 
35,000  cubic  yards  of  sand,  including  10,000  cubic  yards  to  provide  a 
beach  for  protecting  the  interceptor  sewer.  Periodic  replenish¬ 
ment  would  be  required.  For  this  preliminary  evaluation  and  con¬ 
sidering  periods  of  high  and  low  lake  levels  and  variability  of 
severe  storms,  it  is  assumed  that  approximately  50  percent  or  17,500 
cubic  yards  would  have  to  be  replaced  each  year.  On  this  basis,  the 
annual  cost  at  an  interest  rate  of  6-7/8  percent  would  be  approxima¬ 
tely  $135,000.  Since  protection  of  the  sewer  line  at  Linwood  Bluff 
would  be  provided,  the  total  annual  benefits  are  $44,200.  The 
benefit/cost  ratio  for  this  alternative  is  estimated  to  be  0.33 
($44,200  annual  benefits  -  $135,000  annual  costs).  However,  it  is 
expected  that  maintenance  dredging  of  Vermilion  Harbor  would  increase 
because  of  the  supply  of  sand  from  the  outside  source,  and  additional 
protection  to  the  sewer  line  at  Linwood  Bluff  would  be  required. 

Considering  the  low  benefit/cost  ratio,  particularly  in  comparison  to 
Alternative  2  and  the  expected  high  additional  maintenance  dredging 
for  Vermilion  Harbor,  Alternative  4  does  not  appear  to  warrant 
further  consideration.  However,  if  no  other  alternative  seems 
viable,  this  alternative  will  then  be  considered  further. 
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c.  Alternatives  5  through  7  -  Construction  of  Shoreline  Protec- 
t i ° n  Struct ures :  " 

Groin  fields  and/or  additional  offshore  breakwaters  at  Linwood  Beach 
were  considered  as  possible  mitigative  measures  for  returning  the 
beach  to  some  proximity  of  its  pre-breakwater  state.  In  this  preli¬ 
minary  analysis,  the  need  for  supplemental  protection  of  the  Linwood 
Bluff  interceptor  sewer  line  is  addressed. 

c . 1 .  Alternative  5  _-  Groin  Field  at  Linwood  Beach,  No  Pro t ec t i on 
Against  Bluff  Erosion  -  Based  on  design  of  groin  fields  for  other 
locations  and  the  width  of  beach  to  be  restored  at  Linwood  Beach,  it 
is  estimated  that  groins  would  be  needed  about  every  600  feet,  and 
each  groin  would  be  about  250  feet  to  300  feet  in  length.  Initial 
nourishment  in  the  amount  of  25,000  cubic  yards  at  a  unit  cost  of  $3 
per  cubic  yard  for  sand  pumped  from  Lagoons  Beach,  and  an  estimated 
annual  replenishment  of  8,000  cubic  yards,  would  be  required.  If 
rubblemound  groins  are  used,  the  estimated  cost  would  be  $550  to  $600 
per  linear  foot  of  groin.  Using  the  higher  estimates  of  quantities 
and  unit  costs,  the  initial  cost  for  these  items  would  be  approxi¬ 
mately  $800,000.  Including  contingencies  and  design  costs,  the  esti¬ 
mated  total  first  cost  would  be  approximately  $1.1  million.  Annual 
charges,  based  on  a  50-year  project  life  and  6-7/8  percent  interest 
rate,  would  be  $78,000  for  interest  and  amortization  and  $24,000  for 
annual  beach  nourishment  for  a  total  annual  cost  of  $102,000.  Using 
the  average  annual  loss  of  $29,600  attributable  to  this  project  as 
the  recoverable  benefit,  the  benefit/cost  ratio  is  estimated  as  0.29 
($29,600  annual  benefits  +  $  102, 000  annual  costs). 

Because  of  this  low  bene f i t -to-cost  ratio,  Alternative  5  does  not 
appear  to  be  viable  from  an  economic  standpoint. 

c.2.  Alternative  6  -  Groin  Field  at  Linwood  Beach  to  Include 
Protection  for  the  Interceptor  Sewer  at  Linwood  Bluff  -  To  prevent 
wave  attack  at  the  toe  of  Linwood  Bluff,  approximately  10,000  cubic 
yards  (for  reasons  stated  for  Alternative  2)  of  additional  sand  would 
be  required  initially,  and  annual  replenishment  would  be  approxi¬ 
mately  3,000  cubic  yards.  Assuming  that  this  sand  would  be  pumped 
from  Lagoons  Beach  at  a  cost  of  $3  per  cubic  yard,  the  additional 
initial  construction  cost  would  be  $30,000  and  the  additional  annual 
nourishment  cost  would  be  $9,000.  Total  first  cost,  including  the 
four  groins  and  35,000  cubic  yards  of  beach  material  would  remain  at 
about  $1.1  million  but  the  annual  beach  nourishment  cost  would 
increase  from  $24,000  to  $33, ('00,  raising  the  annual  charges  to 
$111,000.  Exhibit  1,  following,  shows  a  plan  view  and  typical  cross 
sections  for  Alternative  6. 
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Since  this  plan  would  protect  the  interceptor  sewer  in  addition  to 
returning  Linwood  Beach  to  the  pre -breakwater  condition;  the  project 
benefits  to  be  realized  would  be  $29,600  for  Linwood  Beach  and 
$14,600  for  the  interceptor  sewer,  for  a  total  of  $44,200  annually. 
The  benefit/cost  ratio  for  this  alternative  is  0.41.  If  precast 
concrete  sections  such  as  the  Campbell  Module  could  be  used  in  lieu 
of  the  rubblemound  groins,  the  initial  construction  cost  would  be 
halved  and  the  benefit/cost  ratio  increased  proportionally. 

The  rather  massive  structures  on  the  beach  would  detract  from  the 
aesthetics  of  this  recreational  area.  A  project  of  this  type  would 
upset  the  post-breakwater  equilibrium  state,  and  in  particular  cause 
loss  of  beach  downdrift  at  Lagoons  Beach.  Although  there  are  a 
number  of  adverse  effects  inherent  in  a  groin  field  project  and  the 
stated  benefit/cost  ratio  is  considered  marginal  for  Section  111, 
further  consideration  could  be  given  this  alternative. 

c.3.  Alternative  7  -^Segmented  Breakwaters  at  Linwood^  Beach  - 
Although  Buffalo  District  holds  the  position  that  the  state-of-the 
art  for  design  of  segmented  breakwaters  precludes  a  high  degree  of 
reliance  regarding  their  intended  function,  a  conceptual  design  is 
presented  herein  for  comparative  purposes. 

Based  on  constructed,  but  as  yet  untested,  projects  at  Lakeview  Park, 
Lorain,  OH  and  Presque  Isle,  PA,  the  individual  segments  should  be 
approximately  150  feet  long  with  a  spacing  of  200  feet  between 
segments.  For  this  preliminary  evaluation,  it  is  assumed  that  the 
1,550  feet  of  affected  shoreline  at  Linwood  Beach  should  be  pro¬ 
tected.  Initial  nourishment  and  periodic  replenishment  would  be 
required,  particularly  during  periods  of  high  lake  levels.  The  beach 
at  the  toe  of  Linwood  Bluff  at  the  endangered  interceptor  sewer  would 
be  filled  to  eight  feet  above  Low  Water  Datum  to  protect  the  sewer 
line. 

Rubblemound  breakwaters  would  cost  about  $1,000  per  linear  foot.  As 
an  alternative  to  rubblemound  construction,  it  is  considered  that 
pre-cast  concrete  sections  with  a  large  base  for  stability  could  be 
used.  The  Campbell  Module  shown  in  the  drawing  and  photographs  of 
Exhibit  2  below  will  be  used  for  this  preliminary  estimate.  The  bot¬ 
tom  profile  at  Linwood  Beach  requires  that  the  base  of  the  modules  be 
placed  at  approximately  four  feet  below  Low  Water  Datum,  or  eleva¬ 
tion  564.6  (International  Great  Lakes  Datum  -  1955).  The  largest 
Campbell  Module  now  being  fabricated  is  six  feet  in  height.  The  top 
of  a  six-foot  breakwater  would  be  at  about  the  average  Lake  Erie 
level  of  570.4. 

During  the  summer  months,  the  six-foot  module  would  be  submerged 
about  one  foot  and  during  periods  of  high  levels  such  as  1973  to 
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present  the  top  of  the  module  would  be  up  to  three  feet  below  Lake 
Erie  levels  and  even  more  during  storm  periods  with  accompanying  wind 
set-up  on  the  lake. 

There  is  a  concern  that  frequent  overtopping  of  the  six-foot  high 
module  would  cause  excessive  amounts  of  beach  sand  to  be  lost  because 
of  insufficient  wave  energy  dissipation  by  the  breakwater.  The 
designer  of  the  Campbell  Module  states  that  four  of  the  five-foot 
sections  sho’/n  in  Exhibit  2  can  be  interlocked  into  a  stable  unit  to 
provide  a  two-tiered  section  nine  feet  in  total  height.  This  section 
would  protrude  about  three  feet  above  the  average  Lake  Erie  level  of 

570.4.  A  plan  view  of  the  conceptual  plan  and  typical  beach  profiles 

are  shown  on  Exhibit  3,  below.  Each  five-foot  module  costs  about 
$150  per  linear  foot,  so  the  four  interlocked  modules  would  cost 
about  $600  per  linear  foot,  in  place.  Therefore,  the  cost  of  fabri¬ 
cating  and  placing  the  750  feet  of  breakwater  for  Linwood  Beach  would 
be  $450,000.  Initial  nourishment  would  require  35,000  cubic  yards  of 
sand  (including  10,000  cubic  yards  for  the  protective  beach  fronting 
the  interceptor  sewer  at  Linwood  Bluff).  Assuming  that  sand  from  the 
fillet  at  the  East  Breakwater  would  be  pumped  to  Linwood  Beach  at  a 
cost  of  $3.00  per  cubic  yard,  the  cost  for  initial  nourishment  would 
be  $105,000.  Costs  for  contingencies,  supervision  and  administra¬ 
tion,  etc.  are  estimated  at  $100,000,  for  a  total  first  cost  of 

$655,000.  For  a  50-year  project  life  and  a  6-7/8  percent  interest 

rate,  the  annual  charges  for  these  works  would  be  $46,700.  A  token 
amount  of  7,000  cubic  yards  of  annual  beach  nourishment,  costing 
$21,000  was  assumed,  bringing  the  total  annual  charges  for  the 
segmented  breakwater  plan  to  $67,700. 

This  alternative  would  restore  Linwood  Beach  to  approximately  the 
pre-breakwater  state  and  protect  the  Linwood  Bluff  interceptor  sewer. 
Thus,  the  damage  recoverable  is  $44,200  annually.  The  resulting 
benefit/cost  ratio  is  0.65. 

Except  for  periods  of  high  lake  levels  and  severe  storms,  Linwood 
Beach  can  be  expected  to  extend  lakeward  to  the  breakwaters.  This 
may,  or  may  not  be  desirable  in  that  the  beach  would  encroach  upon 
the  existing  swimming  area,  and  there  may  be  a  sudden  increase  in 
depth  of  water  lakeward  of  the  modules  which  could  present  a  safety 
problem.  The  breakwaters  may  not  be  completely  compatible  with 
recreational  beach  usage,  but  the  wide  gaps  between  segments  would 
tend  to  compensate  for  this  effect.  Approximately  15,000  square  feet 
of  lake  bottom  would  be  lost  in  accommodating  the  breakwaters.  The 
low-quality  discharge  plume  from  the  Vermilion  River  is  driven  onto 
the  beaches  at  Vermilion  under  certain  wind  conditions.  It  is 
possible  that  pollution  of  Linwood  Beach  could  be  aggravated  if  the 
pollutants  were  trapped  behind  the  breakwaters  for  longer  periods  of 
time  than  now  exists.  The  breakwaters  will  trap  littoral  material 
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and  undoubtedly  reduce  the  existing  shoreline  configuration  at 
Lagoons  Beach. 


On  balance,  and  considering  the  comparative  benefit-to-cost  ratio  of 
0.65,  it  is  considered  that  the  segmented  breakwater  alternative  is  a 
viable  plan  that  could  be  considered  further. 

c. 4.  Modified  Alternative  7  -  To  provide  a  range  of  probable 
costs  for  the  detached  breakwater  alternative,  preliminary  design  and 
cost  estimates  for  a  breakwater  system  nearer  to  the  shoreline  than 
Alternative  7  were  obtained.  With  reference  to  Exhibit  3,  the 
segments  would  be  at  the  pre-breakwater  shoreline  except  for  the  two 
westerly  segments  which  would  be  approximately  30  to  50  feet 
offshore.  At  this  location,  six-foot  high  modules  costing  $300  per 
linear  foot  could  be  used.  Eight  segments,  each  100  feet  long,  and 
spaced  125  feet  apart  would  be  required.  Total  first  cost  would  be 
$445,000,  and  annual  charges  including  annual  nourishment  would  be 
$52,700.  Therefore,  the  benefit/cost  ratio  for  Modified  Alternative 
7  would  be  0.84. 

It  should  be  noted  that  for  this  location,  the  individual  modules 
would  be  placed  on  sand  or  gravel  and  will  be  subject  to  settlement. 
As  previously  stated,  there  has  been  very  little  experience  with 
offshore  breakwaters  in  this  orientation.  Consequently,  a  high 
degree  of  reliability  regarding  effectiveness  cannot  be  associated 
with  this  modified  alternative. 

d .  Alternative  8  -  Do  Nothing : 

Because  there  has  been  an  identifiable  negative  impact  at  Linwood 
Beach  due  to  the  reorientation  created  by  the  detached  breakwater,  it 
is  considered  inappropriate  to  identify  the  "do-nothing"  alternative 
as  a  viable  alternative.  Therefore,  no  further  consideration  will  be 
given  to  the  "do-nothing"  option. 

Summary  of  Considered  Alternatives 

Eight  alternatives  were  evaluated  in  this  preliminary  investigation. 
While  the  methodologies  used  and  the  quantities  and  costs  presented 
are  not  of  final  design  quality,  they  are  sufficiently  accurate  for 
comparative  cost  purposes  and  to  establish  engineering  and  economic 
feasibility.  Detailed  design  of  the  selected  alternative  will  be 
undertaken  in  the  final  stage  of  this  Section  111  Detailed  Project 
Report . 

A  summary  of  the  significant  characteristics  of  each  alternative  is 
presented  in  Table  E,  below.  From  an  economic  standpoint, 
Alternatives  2  and  7  are  the  most  favorable.  However,  all  alter¬ 
natives  do  present  certain  inadequacies,  problems,  and  concerns, 
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some  of  which  are  more  critical  than  others.  Also,  the  possible 
inadequacies  regarding  reliability  of  performance  are  highly 
judgmental,  and  probably  cannot  be  quantified  except  through 
construction  of  the  given  alternative. 

As  I  stated  before,  the  design  of  breakwater  or  groin6  is  a  state-of- 
the-art  concept  subject  to  many  non-quantif iable  variables.  Any  man¬ 
made  structure  constructed  on  Lake  Erie  will  effect  the  shoreline 
processes,  adverse  or  not.  The  structures  built  at  Presque  Isle,  PA, 
and  Lake  View  Park,  OH,  were  experimental  and  are  presently  being 
monitored  with  the  goal  of  learning  more  about  the  effects  man-made 
structures  have  on  shoreline  processes.  Model  testing  to  determine 
the  impacts  that  additional  structures  within  the  influence  of  the 
existing  breakwater  would  have  on  shoreline  processes  would  be 
required  before  the  Corps  could  recommend  other  structures.  Also,  it 
must  be  noted  that  if  any  additional  structures  were  to  be  built  at 
Vermilion,  the  timeliness  of  construction  is  dependent  upon  the 
availability  of  funds. 

Cost  Sharing  Requirements  and  Items  of  Local  Cooperation 

Guidance  provided  by  Corps  higher  authority  states  that  Alternatives 
5,  6,  and  7  would  provide  a  degree  of  structural  protection  which  is 
beyond  the  intent  of  the  Section  111  authority.  It  was  emphasized 
that  since  Section  111  is  intended  to  mitigate  that  portion  of  the 
erosion  problem  attributable  to  Federal  harbors,  Section  111  projects 
would  normally  take  the  form  of  replacing  a  deficiency  of  supply  of 
beach  material  attributable  to  the  littoral  barrier.  Interpretation 
of  this  guidance  leads  to  the  conclusion  that  periodic  nourishment 
such  as  proposed  for  Alternatives  2,  3,  and  4  would  be  within  the 
scope  of  the  Section  111  authority.  Of  these  three  alternatives, 
Alternative  2  -  pumping  sand  from  the  east  pier  fillet  to  Linwood 
Beach  -  Is  selected  as  the  appropriate  alternative  under  Section  111 
authority  because  it  would  restore  Linwood  Beach  to  approximately  the 
pre-breakwater  condition  using  beach  material  already  in  the  littoral 
regime  at  the  least  cost.  On  this  basis,  the  costs  of  Alternative  4- 
7  that  are  in  excess  of  Alternative  2  which  is  all  Federally  funded 
will  be  borne  by  local  interests.  Thus,  local  interests  would  be 
required  to  pay  a  portion  of  the  cost  for  Alternatives  4  through  7. 

Since  there  is  not  an  authorized  beach  erosion  project  at  Vermilion, 
mitigation  work  under  Section  111  will  be  100  percent  Federal  cost 
and  all  work  in  excess  of  that  required  for  mitigation  will  be  100 
percent  local  cost  (Reference:  Page  A-13  of  ER  1105-2-50  "Continuing 
Authority  Program,"  dated  3  November  1975).  Therefore,  all  costs 
in  excess  of  the  $60,000  annual  cost  for  Alternative  2  must  be  borne 
by  non-Federal  interests.  Based  on  this  criterion,  the  Federal  and 
non-Federal  costs  for  Alternatives  2  through  7  are  listed  in  Table 
El.  From  Table  El,  it  is  seen  that  the  non-Federal  investment  would 
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vary  from  a  minimum  of  zero  for  Alternative  3  to  §89,800  for 
Alternative  7,  to  a  maximum  of  $1,072,000  for  Alternative  4.  Since 
costs  for  protecting  the  Linwood  Bluff  sanitary  interceptor  sewer  are 
included  in  the  costs  for  Alternative  2,  these  costs  would  be  borne 
by  the  Federal  Government  for  all  other  alternatives. 

Except  for  Alternatives  2  and  3,  which  are  totally  within  the 
authority  of  Section  111,  local  interests  will  be  required  to  furnish 
assurance  of  local  cooperation  similar  to  those  required  for  regu¬ 
larly  authorized  project  for  their  assigned  portion  of  the  work. 

Thus,  the  items  of  local  cooperation  can  differ  somewhat  dependent 
upon  the  alternative  selected.  Typical  items  of  local  cooperation 
for  that  portion  of  the  project  assigned  to  non-Federal  interests 
are : 

a.  Provide  without  c>  st  to  the  United  States  all  lands,  ease¬ 
ments,  and  rights-of-way  required  for  the  portion  of  work  above  that 
needed  for  Alternative  2. 

b.  Contribute  100  percent  of  those  costs  for  the  portion  of  work 
above  that  needed  for  Alternative  2.  These  costs  would  be  in  the 
form  of  first  cost  of  construction  and/or  periodic  costs  for  nourish¬ 
ment  dependent  upon  the  alternative  selected  and  the  method  of 
payment  selected.  Estimated  costs  shown  in  Table  El  are  considered 
reasonable  and  representative  for  this  preliminary  investigation,  but 
the  costs  for  the  selected  alternative  must  be  refined  in  the 
detailed  design  studies  conducted  in  Stage  III  of  this  Detailed 
Project  Report. 

c.  Accomplish  without  cost  to  the  United  States  all  utilities 
and  other  relocation  alterations  made  necessary  by  the  work  above 
that  needed  for  Alternative  2. 

d.  Hold  and  save  the  United  States  free  from  damages  due  to  the 
construction  works,  not  including  damages  due  to  the  fault  or  negli¬ 
gence  of  the  United  States  or  its  Contractors. 

e.  Comply  with  the  pro  'sions  of  Section  221  of  Public  Law  91- 
611,  approved  31  December  1970,  which  provides  that  construction 
shall  not  commence  until  the  local  sponsor(s)  has  entered  into  a 
written  agreement  to  furnish  its  required  local  cooperation. 

Corps  regulations  (Paragraph  8e(5)  of  ER  1103-2-50)  require  that  a 
letter  of  intent  shall  be  requested  for  specific  items  of  local 
cooperation  near  the  completion  of  the  current  Stage  II  planning. 
Therefore,  if  a  plan  other  than  Alternatives  2  or  3  (which  do  not 
require  items  of  local  cooperation)  is  selected  based  upon  public 
input,  the  Buffalo  District  Engineer  will  request  a  "letter  of 
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intent"  from  a  responsible  non-Federal  public  entity  such  as  the  city 
of  Vermilion,  Vermilion  Port  Authority,  or  State  of  Ohio  before  ini¬ 
tiating  Stage  III  design. 


The  specific  items  of  local  cooperation  are  presented  in  the  Stage 
III  Detailed  Project  Report.  The  signed  written  agreement  for  local 
cooperation  must  be  obtained  and  approved  by  the  Secretary  of  the 
Army  prior  to  issuance  of  work  allowance  for  construction.  The 
signed  agreement  must  be  obtained  after  preparation  of  Plans  and 
Specifications  for  the  project. 

Disc u ssion  of  Damage/Benefit  Categories  for  L inwood  Beach 

There  are  significant  tangible  and  intangible  damages  associated  with 
the  shoreline  reorientation  at  Linwood  Beach.  Mitigative  measures  to 
alleviate  these  damages  would  be  benefits  creditable  to  mitigation. 

Tangible  benefits  at  Linwood  Beach  are  realized  from  prevention  of 
damages,  enhancement  of  property  values,  and  recreational  benefits. 
Recreation  benefits  for  the  restoration  of  Linwood  Beach  and  damages 
prevented  for  protection  of  the  endangered  interceptor  sewer  at 
Linwood  Bluff  have  been  thoroughly  discussed  above.  No  consideration 
was  given  to  enhancement  of  property  values  in  the  above  preliminary 
evaluation.  However,  local  residents  have  written  to  Buffalo 
District  stating  their  position  that  restoration  of  Linwood  Beach 
would  enhance  property  values  a  minimum  of  $2,000  per  property  for 
the  40  properties  at  Linwood  Park.  They  further  state  that  a  value 
of  $3,000  to  $5,000  would  not  be  unrealistic.  Assuming  the  minimum 
value  of  $2,000  per  property,  the  total  enhancement  benefit  would  be 
$80,000.  For  a  50-year  project  life  and  6-7/8  percent  interest  rate, 
the  annual  enhancement  benefit  would  be  $5,700.  Adding  the  annual 
enhancement  value  to  the  total  benefits  shown  in  Table  E  produces  the 
modified  values  shown  on  Table  F,  below. 

Alleviation  of  concern  by  affected  homeowners  and  improvement  of  the 
general  aesthetics  of  this  recreational  community  are  two  categories 
of  intangible  benefits  to  be  considered.  The  concern  of  local  owners 
at  Linwood  Park  is  extremely  intense  as  expressed  by  the  many  letters 
Buffalo  District  has  received  and  the  numerous  articles  in  area 
newspapers.  Restoration  of  Linwood  Beach  would  alleviate  this 
concern. 

The  characteristic  of  the  area  is  highly  reflective  of  the 
recreational  and  leisure  time  activities  associated  with  it.  Since 
much  of  this  activity  revolves  around  the  beach  as  a  focal  point, 
restoration  of  the  beach  most  certainly  would  improve  the  aesthetics 
of  the  immediate  area. 
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Table  F  -  Benefit  Evaluation  Including  Enhancement  Benefits 


Conclusions  of  Buffalo  District  Engineer  on  Shoreline  Changes  and 
Mitigation  of  Shoreline  Damage 

It  is  concluded  that  the  detached  breakwater  has  caused  accretion  of 
the  beach  areas  at  Vermilion  City  and  Lagoons  Beaches  and  loss  of 
beach  at  Linwood  Beach.  The  accretion  limits  established  by  Stanley 
Consultants  and  shown  on  Figure  15  are  considered  reasonable  con¬ 
sidering  the  "shadow  effect"  produced  by  the  detached  breakwater. 
However,  the  effect  of  low-water  periods  on  the  lakeward  limit  of  the 
receded  beach  at  Linwood  Beach  is  indeterminate  at  this  time  and 
quantifiable  only  by  observation  during  low-water  periods. 

Based  upon  the  analyses  presented  above,  it  is  concluded  that  mitiga¬ 
tion  of  the  loss  of  beach  at  Linwood  Beach  should  be  undertaken. 
Therefore,  it  is  concluded  that  the  "Do-Nothing"  Alternative 
(Alternative  8)  should  not  be  given  further  consideration.  Also, 
Alternative  1,  to  modify  or  remove  the  detached  breakwater  specifi¬ 
cally  for  mitigation  of  shoreline  damage,  is  deemed  inappropriate. 
Each  of  the  six  remaining  alternatives  have  both  favorable  and  unfa¬ 
vorable  aspects.  The  benefit-to-cost  ratios  for  Alternatives  3,  A, 
and  5  are  considerably  lower  than  several  of  the  other  alternatives 
and  do  not  appear  to  be  viable  from  an  economic  standpoint.  Also,  a 
conclusion  regarding  several  of  these  alternatives  is  related  to  the 
decision  to  proceed  with  construction  of  the  Linwood  Bluff  revetment 
under  Section  14,  and  vice  versa. 

As  previously  stated  in  the  section  titled  "Buffalo  District’s 
Findings  on  Stanley  Consultants’  Studies,"  there  is  a  need  to  con¬ 
sider  mitigation  of  erosion  to  the  west  (downdrift)  of  the  harbor 
structures.  This  analysis  will  be  made  in  Stage  III  of  this  Detailed 
Project  Report. 

Recotnmen da t  i o n 

In  view  of  the  above  conclusions,  I  recommend  that: 

a.  Stage  3  of  the  Section  111  Detailed  Project  Report  be  under¬ 
taken.  Therefore,  the  alternatives  recommended  for  final  design  for 
mitigation  at  Linwood  Beach  are  2  and  4,  or  modifications  thereof. 
This  recommendation  being  based  on  the  input  received  from  the  public 
meeting  held  on  31  August  1978  and  the  workshop  held  with  represen¬ 
tatives  of  the  city,  State,  and  concerned  local  private  organizations 
on  11  October  1978.  However,  Alternative  4  would  be  implemented  only 
if  agreement  cannot  be  reached  to  implement  Alternative  2. 

Alternative  4  would  involve  non-Federal  funding  to  the  extent  indi¬ 
cated  on  Table  El,  and  non-Federal  acceptance  of  other  commitments  as 
indicated  on  page  S-25. 
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b.  An  experimental  demonstration  of  the  Educator  Type  Pump 
system,  or  other  similar  systems,  as  suggested  in  Alternative  2  be 
undertaken  in  Spring  1979  at  Linvood  Beach.  This  will  be  contingent 
on  the  availability  of  the  educator  pump  system  from  the  Detroit 
District  or  other  similar  commercial  systems,  and  the  consent  of  the 
owners  of  the  Lagoons  Beach. 

c.  The  need  for  mitigation  to  the  west  (downdrift)  be  investi¬ 
gated  in  Stage  3  of  this  Detailed  Project  Report. 


DANIEL  D.  LUDWIG,  P.E. 
Colonel,  Corps  of  Engineers 
District  Engineer 


